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Summary

Dynamic of subcutaneous and abdominal adipose depots during the transition period of
German Holstein dairy cows with different body condition and the effects of monensin

Gyorgy Szura

Adipose tissue depots have an important role in dairy cows, as they are usually mobilized
after parturition in response to negative energy balance (NEB), a consequence of increased
nutrient demand of fetal growth and onset of milk production, which cannot be satisfied by
feed intake. The most common methods to evaluate fat depots, thus the condition of the cows
are measurement of body weight and body condition scoring. However, these procedures lack
the accuracy to predict changes of subcutaneous and internal fat depots. Recently, a new
method was developed to assess the mass of different fat depots by ultrasonography. This
method allowed to assess non-invasively mass of subcutaneous and abdominal adipose depots
with sufficient accuracy, and changes of these depots over time in vivo. Earlier studies used
this method to evaluate the adipose tissue mass of different depots, the changes in depot
masses, as well as the effect of feed additives on depots. The results of these studies showed
that more fat accumulates in abdominal (AAT) depots and that AAT has greater lipolytic
activity compared to subcutaneous (SCAT) depot.

The aim of this work was to evaluate the fat depots of dairy cows with higher and lower body
condition during the transition period and early lactation. We found that ultrasonography was
a suitable tool to determine the depot masses and to follow their changes over time. Our
results were similar to those presented in earlier studies. The mass of the adipose depots
increased during the dry period and decreased after calving. The SCAT had smaller mass than
AAT during the whole trial period, as well as that, more fat was mobilized from AAT
compared to SCAT after calving. This indicates that AAT has a greater role in fat storage and
mobilization in dairy cows. Further, we found that leaner cows had smaller adipose depots
and mobilized less fat after parturition. Additionally, we found a lack of correlation between
NEB and mobilization of adipose depots during the fresh cow period, suggesting NEB is not
the only cause of fat mobilization in this period. Mechanisms involved in homeorhetic
adaption to lactation, such as decoupling of somatotropic axis, responsiveness to insulin or j3-
adrenergic stimulation of lipolysis, as well as inflammatory stimuli, could have affected the
usage of fat depots. Our results point to complexity of adipose metabolism and further
research could better elucidate the underlying effects.

Another part of this study was to examine the effects of monensin (MON), an ionophore, on
fat depots and mobilization. Earlier studies found that MON decreases the levels of non-
esterified fatty acids, one of the indicators of the level of fat mobilization in dairy cows after
calving, which might indicate an antilipolytic activity of this compound. We could not prove
this hypothesis, as MON had no effect on fat depo masses or their change. The lack of MON
effect on post calving NEFA levels further strengthened our findings. These results suggest
that MON most likely effects the hepatic or post hepatic utilization of NEFA in the period
after calving.
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We examined and compared the daily activity of leaner and fatter dairy cows, a possible
additional cause for higher NEFA levels in cows with higher body condition. Muscles can use
NEFA to cover their energy requirements during the transition period. Authors of a recent
publication reported a negative correlation between NEFA levels and walking activity of
dairy cows. This might indicate that fatter cows are less active, thus using less NEFA during
the transition period, conversely leading to higher NEFA concentrations. However, our results
do not support this, as there was no difference in daily activity of cows with low and high
condition after calving. On the other hand, activity is an indicator of animal welfare and
comfort. In the dry period, the fatter cows had higher number of lying bouts compared to lean
cows: This could indicate that cows with higher condition experienced less comfort during
lying, as a consequence of greater body mass.

Taken together, the results of this study show that there are significant differences between
the subcutaneous and internal adipose depots, not just on cow level, but between the
individual animals, too. Additionally, it was demonstrated that monensin, as well as daily
activity did not affect the adipose depots of dairy cows.



Zusammenfassung
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Veranderungen in subkutanen und abdominalen Fettgewebsdepotmassen in der
Transitperiode von Deutschen Holstein Kuihen mit unterschiedlicher Kdrperkondition
sowie Effekte von Monensin.

Gyorgy Szura

Das Fettgewebe subkutaner und abdominaler Depots dient hochleistenden Milchkihen als
Energiereserve, die in Phasen der negativen Energiebilanz (NEB) mobilisiert werden kann.
NEB tritt regelmalig postpartal bei Milchkiihen auf, da in dieser Laktationsphase der mit
Einsetzen der Laktation bestehende Mehrbedarf an Energie nicht Uber die Futteraufnahme
gedeckt werden kann. Die aus dem Fettgewebe im Rahmen der Lipolyse freigesetzten
unveresterten Fettsduren (NEFA) werden in der Leber zum grofien Teil unvolistandig zu
Ketonkorpern oxidiert, wie dem Beta-Hydroxybutyrat (BHB). Insbesondere zum Zeitpunkt
des Partus Uberkonditionierte Kiihe neigen zur exzessiven Lipomobilisation und in der Folge
auch zur Hyperketondmie und subklinischen Ketose (SCK). Die SCK ist mit einer Inzidenz
von 20 % - 60 % eine haufige metabolische Gesundheitsstorung hochleistender Kihe und ist
mit Produktionseinbuf3en, verminderter Fruchtbarkeit, vorzeitiger Verwertung sowie
verschiedenen Krankheiten vergesellschaftet, zu denen Mastitis, Metritis und die
Labmagenverlagerung zahlen. Die Vermeidung einer Uberkonditionierung ist daher erklartes
Ziel im Herdengesundheitsmanagement. Zu diesem Zweck wird ein Monitoring der
Korperkondition empfohlen, fir das entweder Body condition scoring (BCS) oder die
sonographische Messung der Rickenfettdicke Verwendung finden. Der Nachteil beider
Verfahren ist, dass sie nur das subkutane Fettgewebe (SCAT) und nicht das abdominale
(AAT) erfassen. Aus diesem Grunde wurde jungst ein sonographisches Verfahren entwickelt
und validiert, dass quantitativ SCAT und AAT, sowie die abdominalen Unterdepots erfasst
(retroperitoneales: RPAT, omentales: OMAT, mesenteriales (MAT Fettgewebe). Die
Methode erlaubt wiederholt nicht-invasiv die Messung der Fettdepotmassen durchzufiihren
und damit auch deren Veranderungen im Verlauf der Transitperiode zu erfassen. In
Vorgéangerstudien wurde bereits gezeigt, dass Kilhe etwa dreimal mehr Fett abdominal
einlagern als subkutan, und dieses sich auf die drei Depots RPAT, OMAT und MAT etwa
gleichmé&Rig verteilt. Postpartal weisen die abdominalen Fettdepots zudem eine hdohere
lipolytische Aktivitét als die subkutanen auf.

Ziel dieser Studie war es daher, die Dynamik subkutaner und abdominaler Fettdepots in der

Transitphase hochleistender Kiuhe zu erfassen. Ferner sollte der Effekt einer



Zusammenfassung

Uberkonditionierung zum Zeitpunkt des Partus sowie von Monensin hierauf gepriift werden.
Gegenstand der Untersuchung war auch, ob sich aus den Untersuchungen weitere
Anhaltspunkte fur funktionelle Disparitaten zwischen subkutanen und abdominalen Depots
ableiten lassen und welche Bedeutung sie fur die Leistung und metabolische Gesundheit der
Kihe haben.

Auch in den eigenen Untersuchungen war die Masse abdominaler Fettdepots von Kiihen etwa
dreimal groRer als die subkutanen und es wurde postpartal mehr Fett aus abdominalen als
auch subkutanen Depots mobilisiert. Subkutane und abdominale Fettdepots lagerten in der
Trockenstehphase antepartum, wenn die Energiebilanz positiv ist, Fett ein, dies war
quantitativ bei Kihen mit niedriger und hoher Korperkondition etwa gleich. Postpartal
wurden in den ersten vier Wochen (FCP) mehr Fett aus den subkutanen und abdominalen
Depots mobilisiert als in den Wochen 5 bis 10 post partum (ELP). Uberkonditionierte Kiihe
mobilisierten postpartal signifikant mehr und langer Fettmasse aus SCAT und AAT. Die
abdominalen Unterdepots verhielten sich etwa gleich. Verschiedene Befunde lieferten
Anzeichen fur eine funktionale Disparitat zwischen SCAT und AAT. Im Gegensatz zu SCAT
korrelierte der Verlust an Fettgewebsmasse in AAT in FCP signifikant mit dem Ansatz an
Fettgewebsmasse in der Trockenstehzeit. Je mehr Fett abdominal ante partum eingelagert
wurde, umso mehr wurde postpartal aus AAT mobilisiert. Ferner korrelierte der prépartale
Ansatz und postpartale Verlust an SCAT signifikant mit der Energiebilanz in den
entsprechenden Zeitrdumen, hingegen galt gleiches nicht fiir AAT. Je positiver die prapartale
Energiebilanz, umso mehr nahm die Fettmasse von SCAT zu, und je negativer die
Energiebilanz postpartal war, umso mehr SCAT wurde mobilisiert. SchlieBlich bestand eine
signifikante Korrelation zwischen dem Verlust an SCAT-Masse in FCP und der
Futtereffizienz der Kuhe, nicht jedoch zwischen AAT und Futtereffizienz. Je mehr Fettmasse
aus SCAT mobilisiert wurde, umso héher war die Futtereffizienz. In ELP hingegen war die
Korrelation zwischen Futtereffizienz sowohl fur SACT als auch AAT signifikant. Die
moglichen Disparitaten zwischen SCAT und AAT erklaren sich womdglich aus
Unterschieden in der homdorhetischen Anpassung der Fettgewebe, an der die Entkopplung
der somatotropen Achse oder Differenzen in der Insulinsensitivitat, beta-adrenerger
Stimulierbarkeit der Lipolyse oder entzlindliche Stimuli beteiligt sein koénnen. Ferner
bedlrfen die beobachteten funktionellen Disparitdten weitere Untersuchung zu deren
Bedeutung flr die metabolische Gesundheit sowie Produktivitat von Milchkihen.



Zusammenfassung

Die Behandlung von Milchkiihen mit Monensin in der Transitperiode ergab keine Effekte auf
die sonographisch erfassten Depotmassen sowie auf die Mobilisation von Fettmasse aus
SCAT und AAT postpartum. Auch die Blut-NEFA-Konzentrationen blieben postpartum von
Monensin unbeeinflusst, was ein weiteres Indiz dafir ist, dass Monensin keine direkten oder
indirekten antilipolytischen Effekte aufweist. Allerdings reduzierte Monensin signifikant die
Blut-BHB-Konzentrationen sowie die Ketoseinzidenz im Vergleich zu Kontrollkihen,
obwohl die Trockenmasse- und Energieaufnahme nicht erhdht und die Energiebilanz bei den
Monensin behandelten Kiihe sogar negativer als bei den Kontrollkiihen war. Es scheint, dass
der antiketogene bei fehlendem antilipolyischem Effekt von Monensin auf eine effizientere
hepatische Nutzung von NEFA hindeutet, moéglicherweise bedingt durch die erhohte
Bereitstellung von Propionat aus der ruminalen Fermentation, einem wichtigen
Vorlaufersubstrat fur die Gluconeogenese, oder durch Verminderung von Energieverlusten
aus reduzierter ruminaler Methanproduktion. Zumindest hat in dieser Studie Monensin die

Futtereffizienz von behandelten im Vergleich zu Kontrollkiihen verbessert.

Im Rahmen dieser Untersuchung wurde auch die tagliche Aktivitat der Kuhe untersucht, da
die Nutzung von NEFA und BHB durch Muskelaktivitat geférdert wird und zu verminderten
NEFA und BHB Blutkonzentrationen fuhren kann. Es wurden pra- und postpartal mittels
eines an den Hintergliedmalien befestigten Accelerometers die tagliche Liegezeit, die Zahl der
Liegephasen/d, die Liegedauer/Liegephase sowie die Aktivitdt in Schritten wahrend der
Stehzeiten erfasst. Die Vermutung, dass Uberkonditionierte Kiihe postpartal weniger aktiv als
schlankere Kihe sind, hat sich nicht bestétigt. In der Trockenstehzeit fiel allerdings auf, dass
uberkonditionierte Kuihe signifikant mehr Liegephasen und kirzere Liegezeiten/Liegephase
aufweisen als schlanke Kuhe. Dies ist mdglicherweise darauf zurickzufuhren, dass die
vorhandenen Liegeboxen fur berkonditionierte Kihe in der Endphase der Tréachtigkeit zu

unbequem sind und sie deshalb haufiger und nach kirzeren Liegephasen erneut aufstehen.

Zusammenfassend war es maoglich, mit der sonographischen Erfassung subkutaner und
abdominaler Fettdepots und deren Veranderungen uber die Zeit der Transitperiode begriindete
Anhaltspunkte flr funktionelle Disparitaten zwischen subkutanen und abdominalen
Fettdepots bei Milchkiihen aufzuzeigen. Deren Bedeutung fur die Gesundheit bedarf
allerdings weiterer Studien. Ferner konnte gezeigt werden, dass Monensin zwar antiketogene,
aber nicht antilipolytische Effekte aufweist. Was wiederum neue Untersuchungen zur
Effizienz  der  hepatischen  Nutzung von NEFA zu initileren  vermag.






1. Introduction

1 Introduction
1.1 Background

Adipose tissue is the main energy storing organ, as 69% of the total body energy is
incorporated in fat (Gibb et al., 1992). Fat is distributed in several depots of the body, such as
the subcutaneous (SCAT), the retroperitoneal (RPAT), the mesenteric (MAT), the omental
(OMAT) and the intermuscular adipose depots. In cattle these depots contain on average 17%,
9%, 20%, 13% and 41% of total body fat, respectively (Robelin, 1986).

In dairy cows the positive energy balance in late lactation and dry period allow for increased
storage of energy in the adipose depots in form of triacylglyceroles (TAG) (Contreras et al.,
2017). During early lactation, stored energy is mobilized from the fat depots to counteract
negative energy balance (NEB). NEB is caused by high-energy requirement of milk
production, which cannot be covered by the limited dry matter intake (DMI) of cows in the
early lactation (Schulz et al., 2014a). Non-esterified fatty acids (NEFA) are released from
adipose tissues during lipolysis of triglycerides. NEFA are oxidized in the liver and muscle
tissue, re-esterified to TAG in the liver, or used for milk fat production in the udder
(Drackley, 1999). The product of NEFA oxidation is acetyl CoA, which, if in excess, is
converted to ketone bodies (acetoacetate and beta-hydroxybutyric acid (BHB)) by the liver
(Herdt, 2000). The ketone bodies are important energy source for the vital organs of dairy
cattle, as in early lactation most of the glucose (>80%) is required for lactose production in
the mammary gland (Bell, 1995). However, high blood levels of NEFA and BHBA can
indicate an inadequate adaptation to NEB (McArt et al., 2015) and have negative effect on
milk production, premature culling, metabolic health, reproduction and immune function of
dairy cows (Duffield et al., 2009, Ospina et al., 2010a, b, Seifi et al., 2011, Chapinal et al.,
2012, McArt et al., 2013). In particular, over-conditioned cows at the time of parturition are
prone for excessive lipomobilization and hyperketonemia after parturition (Gillund et al.,
2001, Pires et al., 2013). Body condition is the ratio of adipose tissue to other components of
the body (Roche et al., 2013). Assessing body condition is an important part of dairy herd
management in order to prevent possible detrimental effects of energy deficit on the health

and production of the animals (Schréder and Staufenbiel, 2006).
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1.2 Assessing body condition

There are several methods to assess body condition and energy reserves of animals. The gold
standard to evaluate the energy metabolism of the animals is the use of respiratory
calorimetry, which is impractical for field use, as it calls for respiratory chambers (Yan et al.,
1997, Schroder and Staufenbiel, 2006).

Measurement of changes in adipocyte diameter can be used to determine changes in fat
depots. This method is based on the observation that in the adult and near adult ruminants the
change in SCAT mass is caused by the alteration of the size, not the number of the cells
(Hood, 1982, Waltner et al., 1994). The advantage of fat cell diameter measurement is that the
adipose tissue can be directly examined. The disadvantages are that a biopsy has to be
performed to obtain a tissue sample and that it takes in account only SCAT.

Body weight (BW) is another method to appraise and survey body condition, but is poor
indicator of fat reserves on itself (Roche et al., 2009). Assessment of BW is biased by fill of
the gastrointestinal tract and time since last feeding, especially during early lactation, when
mobilization of fat from adipose tissues occurs parallel to increase in DMI (Ingvartsen and
Andersen, 2000, Berry et al., 2007, Roche et al., 2007b). Furthermore, breed, frame size,
parity and stage of lactation have an effect on the BW (Enevoldsen and Kristensen, 1997,
Roche et al., 2009). Still, Veerkamp et al. (2000) suggested that BW could be a useful
parameter to select cows which are more energy efficient and have less NEB in early
lactation, as BW has a moderate to high heritability. Heritability, defined as the proportion of
total variance in a population for a trait that is derived from variation in genetic values
(Visscher et al., 2008), has been estimated for BW to range between 0.39 to 0.72 (Berry et
al., 2002, Vallimont et al., 2010, Spurlock et al., 2012).

Body condition scoring (BCS) is a subjective appraisal of the body adipose reserves of dairy
cattle, made by visual examination of the outer appearance of the cow and palpation (Broster
and Broster, 1998). Lowman and his colleagues presented the first BCS system for dairy cows
in 1973, when they adapted a beef cattle scoring system (Roche et al., 2009). Later on several
other scoring systems were developed by Mulvaney in the UK (1977), Earle in Australia
(1976) and Edmonson et al. (1989) in the United States (Roche et al., 2013). The system
proposed by Edmonson et al. (1989), examining eight location in three key regions (loin,
pelvis and tail head) is most commonly used. All of these systems use a different scoring
scale, but in each one, the low scores represent lean and high scores obese cows. Roche et al.



1. Introduction

(2004) compared four of the BCS systems and presented conversion equations necessary to

compare the different scales.

Several publications examined the relationship between BCS and the amount of total body fat.
Wright and Russel (1984) found a strong positive relationship (r=0.93). Otto et al. (1991)
presented a positive correlation between the BCS and total body fat (r=0.76), as well. Waltner
et al. (1994) found a relatively strong relationship between BCS and empty body fat (r=0.78)
when comparing empty body fat with several methods of indirect measures of fat reserves.
Taking into consideration the results of these publications, BCS could be used as selection
criterion for breeding to improve energy metabolism of dairy cows. Reported heritability
estimates for BCS (0.22-0.79) are similar to those of BW (Dechow et al., 2003, Oikonomou et
al., 2008, Banos and Coffey, 2010, Spurlock et al., 2012).

The subjective nature of BCS makes it susceptible to assessor bias. It is important, for this
reason, to determine the inter- and intra-assessor reliability so that results can be used by
different personnel, farming systems, and countries (Roche et al., 2009). Edmonson et al.
(1989) evaluating the precision of their BCS chart, found an assessor variability between
8.7% and 44.0% depending on body location. Experience of people had no significant impact
on results. Ferguson et al. (1994) reported 58.1% total agreement in scores between the
assessors and an additional 32.6% agreement with a deviation by 0.25 units. Kristensen et al.
(2006) evaluated the within and among agreement of BCS scoring of 6 trained instructors and
51 practicing veterinarians. They found an 83% agreement between the scores of instructors
with an 86% or higher repeatability. The practicing veterinarians had a 17 to 78% agreement
in the scores with repeatability of 22 to 75%. However, after training, the precision of the
veterinarians scores highly improved compared to the scores of the instructors.

BCS was associated with several productivity traits of dairy cows. DMI is one of these traits
and it was reported to be negatively associated with BCS at calving and early lactation
(Broster and Broster, 1998, Garnsworthy, 2006). The consequence of the negative relationship
is that with increasing calving BCS the loss of condition after calving and the severity of NEB
increases, meaning over-conditioned cows are more at risk (Roche et al., 2009). Reported
relationships between milk yield and BCS are not consistent, as some publications found
positive relation between these two parameters (Stockdale, 2004, Roche et al., 2007b), others
presented a negative relation (Janus et al., 2013), but no BCS effect was reported, too (Heuer
etal., 1999, Pires et al., 2013, Weber et al., 2013). Anyway, the recommended calving BCS to
maximize milk production is 3.0 to 3.5 (Garnsworthy, 2006, Berry et al., 2007, Roche et al.,
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2007b), as cows have sufficient energy reserves to support the different tissues, thus sparing

the glucose from gluconeogenesis for lactose production in the mammary glands.

Relationship between BCS and milk constituents was examined, as well. In case of milk
protein (MP), most publications could establish no relation with BCS (Stockdale, 2004, Pires
et al., 2013, Weber et al., 2013), though Janu$ et al. (2013) found that MP increased with
higher BCS at parturition. Similar findings were presented by these authors for milk lactose
(ML) content, as ML was not associated with BCS. In contrast, Roche et al. (2007b) found a
positive association between ML and BCS in pasture-based cows. Results for milk fat (MF)
are more unanimous, as milk of cows with higher BCS had greater MF content compared to
cows with lower condition at parturition (Stockdale, 2005, Roche et al., 2007b, Pires et al.,
2013).

BCS and its relation to health of cows has been studied extensively. Various studies
demonstrated that over-conditioning, great loss of BCS or both had negative effects on health
of the dairy cows (Drackley et al., 2001, Gillund et al., 2001, Busato et al., 2002, Valde et al.,
2007). Mastitis and intramammary infections (IMI) are diseases that were associated with
BCS. Valde et al. (2007) found that cows in herds with low mastitis incidence had lower BCS
in the last month before and first month after calving. Furthermore, cows with higher BCS
during the dry period, but lower BCS after parturition (i.e., cows with greater BCS loss) had a
greater chance to develop an intramammary infection (Leelahapongsathon et al., 2016).
Interestingly, Berry et al. (2007) reported that increased BCS at calving was negatively
associated with the somatic cell count (SCC), an indicator of udder health, in first- and
second-parity cows, but the association was positive in third and higher parity animals. The
connection of BCS and mammary diseases might be indirect (Roche et al., 2009). Raboisson
et al. (2014) reported that cows with subclinical ketosis (SCK) were more at risk of mastitis
and high SCC (odds ratio: 1.64 and 1.46, respectively), and SCK is more frequently
diagnosed in cows with BCS > 3.5 (Gillund et al., 2001, Pires et al., 2013).

Ketosis, a metabolic disorder caused by accumulation of ketone bodies in the blood, was
reported to have a prevalence of 25-60% (McArt et al., 2011, Suthar et al., 2013, Garro et al.,
2014), which makes it an important metabolic disorder of dairy cows. It not only leads to
decrease in milk yield (McArt et al., 2012), but increases the odds of other health disorders
(Suthar et al., 2013, Shin et al., 2015, Rutherford et al., 2016). Gillund et al. (2001) found that
the risk of ketosis doubled in cows with calving BCS > 3.5 compared to BCS 3.25, and Garro

et al. (2014) reported a more than fivefold risk increase in cows with pre-partum BCS > 3.75
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than in cows with BCS < 3.5 before calving. These data suggest that periparturient cows are
sensitive to the changes of BCS, in regards of ketosis, as an increase in pre-calving and
calving BCS of only 0.25 points can cause a great increase of odds to develop ketosis. Fatty
liver (FL), a metabolic disorder as well, is caused by accumulation of lipids and TAG in the
liver, which is a normal process during the early lactation as long as it remains moderate
(Ingvartsen, 2006). Obesity (BCS > 4.0), combined with lower DMI and more severe NEB, is
the main risk factor for FL (Bobe et al., 2004), as over-conditioned cows have a more
pronounced lipolysis and prolonged high NEFA concentration in blood (Vernon, 2005).
Consequently, the NEFA uptake by liver increases being dictated by supply of fatty acids
(Grummer, 1993). Studies indicate that FL can afflict more than 50% of cows in early
lactation (Reid, 1980, Jorritsma et al., 2001).

Interestingly, in case of lameness, not over-conditioning, but low BCS was determined to be a
risk factor. Green et al. (2014) and Westin et al. (2016b) found that cows with BCS < 2.5 and
cows with BCS < 2.25, respectively, were more likely to become lame. Loss of BCS in early
lactation was shown to be partly responsible for the development of lameness (Hoedemaker et
al., 2009, Randall et al., 2015). The possible explanation for this is that low BCS and BCS
loss may lead to thinning of the digital cushion, thus decreasing its protective function and

increasing the risk of lameness (Bicalho et al., 2009, Green et al., 2014).

A more precise method to assess body energy reserves is the measurement of back fat
thickness (BFT) by means of ultrasound. This method was reviewed by Schrdder and
Staufenbiel (2006). The authors defined back fat as the part of subcutaneous fat in the area
above the gluteus medius and longissimus dorsi muscles, an examination aria that can be
easily located and accessed. Furthermore, it has a high correlation with total body fat (r = 0.80
to 0.87). One mm change in BFT corresponds to around 5 kg gain or loss of body fat
(Klawuhn and Staufenbiel, 1997). Hussein et al. (2013) found that BFT had a strong linear
correlation with BCS (r = 0.96-0.98; 1 unit of BCS increase corresponds 10 mm of BFT),
especially between BCS of 2 to 4.5 and BFT of 10 to 35 mm. However, it should be taken
into consideration that the measurement of BFT can be affected by the machine, technic of
operator, the thickness of the hair coat, body side (left or right) and the location and angle of
transducer (Faulkner et al., 1990, Herring et al., 1994, Domecq et al., 1995, Schrdder and
Staufenbiel, 2006). Still, BFT is a reliable measure of cows’ condition, more so in case of
extremely over-conditioned cows (Schroder and Staufenbiel, 2006). Scoring of BC provides a

discrete variable, whereas BFT a continuous variable for evaluation (Hussein et al., 2013).
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The disadvantage of both, BCS and BFT, is that they take only the subcutaneous adipose
depot into consideration and the amount of visceral fat cannot be properly evaluated by using
these methods. Previous studies found that change of BCS in early lactation is similar in over-
conditioned and lean cows, but the obese cows had higher NEFA and BHBA concentrations,
suggesting a more intensive mobilization of internal adipose depots (Rastani et al., 2001, Pires
et al., 2013). These findings were further substantiated by Drackley et al. (2014), who
demonstrated that cows fed high and low energy diets had similar BCS, but the visceral fat
depots (omental, mesenteric and perirenal) of cows fed high energy diets had greater mass
than those of cows fed low energy diet. These results indicate that BCS is not sensitive
enough to detect changes in the visceral adipose depots. Furthermore, studies concerning the
metabolic properties of different fat tissues suggest that the subcutaneous and internal adipose
tissues differ in this respect (Locher et al., 2011, Locher et al., 2012, Saremi et al., 2014,
Kenez et al., 2015a), thus the measurement of internal fat reserves would be important.
Ultrasonography (USG) can be used to investigate the visceral fat depots, as was already
demonstrated by earlier studies. Harter et al. (2014) showed that the ultrasonographic
measurement of kidney fat and longissimus muscle area could be used to determine the
abdominal fat depots in goats. Furthermore, ultrasonographic measurement of subcutaneous
fat in goats and sheep was found to be a good predictor of carcass quality and body fat
(Teixeira et al., 2008, Ripoll et al., 2009, Orman et al., 2010, Peres et al., 2010, Ripoll et al.,
2010). In beef cattle, ultrasonographic measurements of perirenal fat can be used to estimate
the internal fat depots (Ribeiro et al., 2008, Ribeiro and Tedeschi, 2012). Additionally, USG
is good tool to examine the carcass quality of beef cattle (Emenheiser et al., 2014, Nunes et
al., 2015, Tait, 2016). In case of dairy cattle, Raschka et al. (2016) demonstrated that
ultrasonographic measurements, performed in 6 locations of cows body, could be used to
assess the mass of subcutaneous, abdominal, retroperitoneal, mesenteric and omental fat

depots.
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1.3 Monensin

Ketosis, as described earlier, is a consequence of NEB and increased fat mobilization in early
lactation. Because of the high prevalence (25-60%) of subclinical ketosis, it is crucial to use
preventive measures to avoid Kketosis. It is estimated that SCK causes an average loss of
257€/cow in Europe (Raboisson et al., 2015) and $289/cow in the USA (McArt et al., 2015).
Such preventives measures can be adequate feeding of cows during the dry period and the use
of antiketogenic agents (e.g., monensin) (Lean et al., 1992, Gerloff, 2000).

Monensin (MON) is a carboxylic polyether ionophore, initially discovered as product of
Streptomyces cinnamonensis, a naturally occurring bacteria strain (Duffield et al., 2008a).
Gram-positive bacteria, but not gram-negative bacteria are selectively inhibited by MON, as a
consequence of the differences in the cell-wall structure (Russell and Strobel, 1989). MON
exerts its effect by forming complexes with cations, thus creating ion-selective carriers and
attaching to the cell membrane of the bacteria (Schelling, 1984). MON functions within the
complex as an antiporter facilitating exchange of H* for monovalent cations (K*, Na*). The
consequence of this exchange is significant increase in Na/K and H* ATPase activity of the
bacterial cell to maintain the ion balance and intracellular pH (Ipharraguerre and Clark, 2003).
As a result, the energy reserves of the cell decline, compromising its growth and reproduction,

ultimately leading to cell death and lysis (Bergen and Bates, 1984, McGuffey et al., 2001).

Monensin, by shifting the bacterial population in favor of gram-negative bacteria, alters the
ruminal composition of volatile fatty acids (VFA). Ruminal gram-positive bacteria produce,
among other end products, acetate and butyrate, whereas gram-negative bacteria are involved
in fermentation processes that produce propionate and succinate (Russell and Strobel, 1989).
In consequence of the shift caused by MON more propionate is produced in and absorbed
from the rumen (Sauer et al., 1989). Propionate is the main precursor for gluconeogenesis, the
de novo synthesis of glucose in the liver (Aschenbach et al., 2010). Propionate provides 60%
to 74% of total glucogenic precursors, depending on stage of lactation, feed intake and energy
balance (Drackley et al., 2001, De Koster and Opsomer, 2013).

Some researchers found that administration of MON increased the concentration of glucose in
early lactation (Duffield et al., 1998a, Green et al., 1999, Arieli et al., 2008, McCarthy et al.,
2015b). This could be a result of MON increasing the supply of glucogenic precursors which
may boost the production of glucose in the liver (Ipharraguerre and Clark, 2003). However,
the increase in glucose levels is not consistent in all publications, as other studies found no
MON effect, neither before, nor after calving (Vallimont et al., 2001, Melendez et al., 2007,
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Petersson-Wolfe et al., 2007, Chung et al., 2008). Several explanations for lack of MON
effect were presented. Stephenson et al. (1997) suggested that MON may increase the flux of
glucose to the tissues with high energy requirement (e.g. growing fetus) by promoting release
of insulin. On the other hand, Petersson-Wolfe et al. (2007) implied that the low sample size
(lack of statistical power) and high variation in glucose levels of the cows could be

responsible for the absence of MON effect.

Similar to glucose, NEFA and BHB are important indicators of energy metabolism of dairy
cows (McArt et al., 2015). Most of the earlier studies show an agreement in MON
significantly decreasing the BHB levels in blood. Ipharraguerre and Clark (2003),
summarizing the results of 13 papers found that MON lowered the BHB levels of treated
cows on average by 23% (range: 6-51%) compared to control animals. This finding was
further substantiated by recent studies, presenting a 17% (Arieli et al., 2008) and 21%
(MccCarthy et al., 2015b) decrease in concentration of BHB. Interestingly, this effect of MON
appears to be related to the start of treatment relative to calving, as studies with reported
significant effect used different doses, methods of application, length of treatment and diets
(Ipharraguerre and Clark, 2003, Petersson-Wolfe et al., 2007). Furthermore, Duffield et al.
(1998a) established that BCS at start and BCS change during the treatment, as well as calving
season and number of lactations, all could have influenced the effect of MON on BHB and
glucose concentrations. On the other hand, some publications suggest that MON might have
some effect on lipolysis reducing the plasma concentration of NEFA (Drackley, 1999,
Contreras et al., 2018).

The potential effects of MON on performance of dairy cows were studied extensively. Dry
matter intake was found to be mostly unaffected by MON. However, Petersson-Wolfe et al.
(2007) found a tendency for DMI to be lower in cows treated with MON controlled-release
capsule (CRC, 335 mg/d MON over 95 days) than control cows (DMI 12.0 and 11.3 kg/d,
respectively). In turn, McCarthy et al. (2015a) used 450 mg of MON per day as top-dress and
found an increase in DMI of 1.8 kg/d in the first three weeks and 1.1 kg/d in the first nine
weeks of lactation. The results of these two studies suggest that the mode of MON delivery,

as well as the dose could have an effect on DMI.

In case of milk production, use of MON either had no effect or increased it (Green et al.,
1999, Heuer et al., 2001, Melendez et al., 2006, Martineau et al., 2007). It seems the mode of
application played no role, as in both cases (no effect or increase in milk production) authors
used either top-dress or CRC. Additionally, Ipharraguerre and Clark (2003) reported that
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stage of lactation did not affect the response of milk production on MON treatment, but the
type of diet did, as cows fed high forage diets had greater milk yield. Furthermore, Duffield et
al. (1999) observed that BCS at start of MON treatment could have an influence on milk
production. The authors of this paper found that the milk yield of thin cows (BCS < 3.25) was
not affected by MON, but the yield of fair cows (3.25 < BCS < 3.75) and fat cows (BCS >
3.75) was greater by 0.85 and 1.25 kg/d, respectively.

The milk fat content was unaffected by MON or it was lower (Duffield et al., 1999, Heuer et
al., 2001, Melendez et al., 2007, McCarthy et al., 2015a) in treated cows compared to
controls. In case of studies reporting lower milk fat, the results were not altered by BCS and
stage of lactation at start of MON administration, type of diet or dose (Ipharraguerre and
Clark, 2003). Yet, the results of Heuer et al. (2001) suggest that treatment relative to calving
might have an effect, as they found that prepartal MON administration had no effect on milk
fat, but treatment starting after calving caused it to decrease. The decrease in milk fat could be
a result of MON reducing acetate and butyrate production in the rumen, which are precursors
for fatty acid synthesis in the udder (VVan der Werf et al., 1998). On the other hand, the lower
milk fat could be caused by the dilution effect of the higher milk yield (Ipharraguerre and
Clark, 2003).

Monensin was reported to have no effect or to reduce the milk protein content (Phipps et al.,
2000, Vallimont et al., 2001, Martineau et al., 2007, Melendez et al., 2007). The most likely
explanation for decrease in milk protein is the dilution effect, as studies reporting it had found

an increase in milk yields.

In case of efficiency of milk production the results of earlier studies are not consistent. Most
of the studies that calculated efficiency reported a significant or numerical increase
(Ramanzin et al., 1997, Van der Werf et al., 1998, Phipps et al., 2000), which was associated
to increased feed digestibility and reduced ruminal energy loss caused by MON. However,
Martineau et al. (2007) found no MON effect on milk production efficiency. Moreover,
McCarthy et al. (2015a) presented a trend for MON to lower the efficiency of primiparous
cows in the first three weeks of lactation compared to untreated animals, which was attributed

to the higher DMI and lower milk fat content of these cows.

Earlier publications investigated effects of MON on health of dairy cows extensively. Heuer
et al. (2001) pooled results of 12 trials finding that MON administered before calving reduced
the incidence of non-infectious lameness and intramammary infection, whereas used after

calving lowered the incidence of clinical mastitis. The meta-analysis by Duffield et al.
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(2008c) summarized results of 16 studies and found that MON decreased the risk of ketosis,
displaced abomasum (DA) and mastitis. Additionally, MON lowered the risk of metritis, but
only when used as CRC, whereas if it was mixed in the feed, MON increased the risk of
metritis. Furthermore, the authors found no MON effect on milk fever, lameness and retained
placenta. The effect of MON on reducing the incidence of ketosis and DA was associated
with MON lowering the levels of BHB and NEFA, and increasing the level of glucose, thus
improving metabolic stability in the transition period (Duffield et al., 2008a). Additionally,
improved DMI and ruminal digestibility of feed and reduced ruminal methane production
may contribute to lower incidence of the two diseases (Duffield et al., 2008c). The
improvement in infection diseases incidence by MON was attributed to better energy balance
and improving immune function, as BHB and NEFA were shown to impair immune function

(Suriyasathaporn et al., 2000).
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1.4 Activity

A growing concern and interest exists concerning welfare of dairy cattle (Fregonesi and
Leaver, 2001, von Keyserlingk et al., 2009). One of the indicators of welfare is BCS, as cows
with too low or high BCS can have impaired reproduction and immune response, decreased
milk production. Additionally, fat cows are more at risk of metabolic disorders (Roche et al.,
2009). Likewise, activity and behavior are sensitive indicators of comfort and well-being of
the animals (Fregonesi and Leaver, 2001, Huzzey et al., 2005, Martiskainen et al., 2009). The
best markers to measure and evaluate the well-being of the animals are the daily lying time,
the number and duration of lying bouts. Interestingly, Lovendahl and Munksgaard (2016)
examined the heritability of these parameters and surprisingly found almost no genetic
variation, the heritability indices were all close to zero.

Still, changes in the lying behavior, such as increase in lying time and duration of lying bouts,
might signal presence of different diseases such as lameness (Stangaferro et al., 2016a, Solano
et al., 2017). Most of publications concur that lame cows have longer lying times and fewer
lying bouts in a day than healthy cows, both at pasture (Navarro et al., 2013, Sepulveda-Varas
et al., 2014) and under free-stall housing conditions (Blackie et al., 2011, Calderon and Cook,
2011, Solano et al., 2017). However, the difference in the activity between lame and non-lame
cows can be influenced by severity of lameness, parity, cubical design and bedding (Juarez et
al., 2003, Blackie et al., 2011, Sepulveda-Varas et al., 2014).

Results from several studies concerning the connection between lying behavior and ketosis
have been published in recent years. Kaufman et al. (2016) reported that multiparous cows
suffering from subclinical ketosis, especially when having other diseases as well, had longer
daily lying time in the first week after calving. They concluded that lying time could be
helpful in finding subclinical ketotic cows, if they have additional health problems, but early
detection of SCK may not be effective using the lying time on itself. Westin et al. (2016a)
found a connection between lying time and BCS, since cows with BCS > 3.5 were lying on
average 1 hour longer per day than cows with BCS < 2.25. Cows with high BCS (> 3.5) might
be afflicted by SCK, considering the twofold increase in odds of developing SCK in case of
these animals (Gillund et al., 2001). Besides lying time and bouts, changes in the standing
activity and behavior had been linked to ketosis. Itle et al. (2015) reported that clinically
ketotic cows had longer daily standing time and fewer but longer standing bouts on day of
calving than nonketotic cows. Edwards and Tozer (2004) used the number of steps per hour as
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denominator for activity and found that cows with ketosis were less active in the first five

days after calving, but more active between days 12 and 30 postpartum than healthy cows.

Reports suggest that intramammary infections may influence the lying time of the cows, as
well. Yeiser et al. (2012) found that after experimentally induced Escherichia coli infection,
the lying time of infected animals significantly reduced compared to uninfected cows. Kester
et al. (2015) on the other hand reported an increase in lying time after an experimentally
promoted Streptococcus uberis mastitis.

Additionally to health, performance of dairy cows had been linked to the daily activity. Milk
yield was reported to influence the lying time, as with increasing yield the time spent lying
decreased (Vasseur et al., 2012b, Stone et al., 2017). This negative correlation seems to be the
result of greater yielding cows spending more time feeding to compensate for increased
energy requirement of milk production. Furthermore, the milking frequency has to be take
into consideration, since greater number of milking bouts leads to reduction of lying time
(DeVries et al., 2011). Association between days in milk (DIM) and lying time, number of
lying bouts and bout duration were found, where cows with higher DIM were more prone to
have longer daily lying times, lower number of lying bouts, and longer lying bouts than cows
in early lactation (Gomez and Cook, 2010, Watters et al., 2013).

Based on the above-described findings it would be beneficial to assess the activity of the dairy
cows, as one of indicators for animal health. Several possibilities exist to evaluate the activity
of cows, such as direct visual observation or video recording (McGowan et al., 2007,
O’Driscoll et al., 2008). However, disadvantageous is that these technics are time consuming
and labor intensive (Ito et al., 2009, Ledgerwood et al., 2010), taking into consideration the
trend that can be observed in today’s dairy farming, to reduce costs of labor and production
(Svennersten-Sjaunja and Pettersson, 2008). Moreover, the average herd size of dairy farms
has increased in recent decades (Barkema et al., 2015), which makes the use of previously
mentioned methods not viable to evaluate activity of large number of cows under farm
conditions. Consequently, using sensor systems for automated measurement of cow behavior
appears beneficial to evaluate the behavior of animals. Data generated by sensors could be
used to identify cows with health disorders (Rutten et al., 2013, Stangaferro et al., 20164, b,
c), since these devices are objective and have been reported to detect animals with possible
disorders earlier than human observers (de Mol et al., 2013, Chanvallon et al., 2014, Barkema
etal., 2015).
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Various systems to measure the activity of the animals are available for on-farm use
(Umemura, 2013, Bikker et al., 2014, Kok et al., 2015, Borchers et al., 2016, Maselyne et al.,
2017). A system consists of the sensor itself (usually a pedometer or accelerometer) and
software that can be used to process the collected data to generate information, or even
advices (Rutten et al., 2013). Evaluation studies of the different sensors using video recording
as gold standard found a high level of agreement between the data collected by devices and
video recording, thus verifying that these sensors can be used to monitor the activity of the
animals (McGowan et al., 2007, Ledgerwood et al., 2010, Mattachini et al., 2013).
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2 Objectives

The adipose tissue is of great importance in dairy cows, as it is the main energy storage that is
being mobilized to counterbalance NEB during transition period and early lactation
(Grummer, 1995). However, the most commonly used methods to assess the fat reserves,
body weight and condition scoring, are not sensitive enough to follow the changes of fat
depots (Schroder and Staufenbiel, 2006). Thus, to use a noninvasive method that makes
quantitative measurements of subcutaneous and visceral fat depots possible would be of great
benefit. Furthermore, the results of earlier studies suggest that functional differences exist
between the subcutaneous and internal adipose depots (Locher et al., 2011, Kenez et al.,
2015a), as well as they contribute differently to mobilization during the peripartal period (von
Soosten et al., 2011, Drackley et al., 2014, Ruda et al., 2019). However, the gain and loss of
fat depot masses during the transition period and early lactation are less well studied. We
hypothesized that abdominal adipose depot has greater mass, as well as gain and loss during
the transition period, compared to subcutaneous depot, especially in cows with higher body

condition.

Additionally, there are indications in the literature that monensin, an ionophore, might have
an effect on lipolysis, thus reducing the plasma concentration of non-esterified fatty acids, an
indicator of fat mobilization in dairy cows (Drackley, 1999, Contreras et al., 2018). Our
hypothesis was that monensin has an effect on fat mobilization by decreasing the lipolysis.

Furthermore, recently published results found a negative correlation between non-esterified
fatty acid levels and walking activity in early postpartum period (Adewuyi et al., 2006). We
hypothesized that during transition period fatter cows are less active in comparison with lean
cows, thus having higher NEFA levels compared to leaner cows, as described in earlier
publication (Pires et al., 2013).

The purpose of this PhD work was to measure the different adipose depots of dairy cows with
lower and higher body condition during the transition period and early lactation by using a
novel method based on ultrasonography. Further aim was to examine the gain and loss of fat
depot masses before and after parturition. Another objective of this study was to evaluate the
effect of monensin on fat depot masses and lipomobilization. Additional aim was to examine
the daily activity of dairy cows with higher condition compared to cows with lower condition
during the transition period.
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Interpretive Summary
Dynamic of subcutaneous and abdominal adipose depots of German Holstein dairy cows with
different body condition during the transition period by Szura et al. According to results of
this study German Holstein cows store about 2 to 3 times more fat in abdominal than
subcutaneous adipose tissues. During the dry period significantly more adipose tissue is stored
and after parturition more is lost from abdominal compared to subcutaneous depots. Before
parturition, cows with high body condition gain about the same adipose tissue mass in
abdominal and subcutaneous depots but mobilize significantly more mass from both depots
after calving than cows in low condition. Various observations indicate a functional disparity
between abdominal and subcutaneous adipose tissues.
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ABSTRACT
Obijective of this study was to compare the dynamic changes of subcutaneous and abdominal
adipose depots in Holstein cows with high and low body condition during the transition
period and early lactation. Ultrasonography was used to estimate the masses (eDM) of
subcutaneous (SCAT), retroperitoneal (RPAT), omental (OMAT), mesenteric (MAT) and
total abdominal (AAT) adipose depots at day (d)-42, 7, 28 and 70 relative to parturition.
Average daily change (aDC) in depot masses during dry period (d-42 to d7), fresh cow period
(d7 to d28) and early lactation period (d28 to d70) were calculated. Throughout the study,
daily dry matter intake was registered by means of automated feeding troughs and after
parturition lactation, performance parameter was recorded. Thirty-one pluriparous German
Holstein cows were ranked according to the depot mass of SCAT on d-42. The 16 cows with
lowest SCAT depot mass were assigned to low and 15 cows with the highest SCAT depot
mass to high condition (BC) group. Generally, cows of this study stored about 2 to 3 times
more fat in abdominal than subcutaneous adipose tissues. During positive energy balance in
the dry period significantly more fat was stored in abdominal than in subcutaneous depots and
during negative energy balance after parturition more adipose tissue mass was lost from
abdominal compared to subcutaneous depots. Cows with high compared to low body
condition gain about the same adipose tissue mass in abdominal and subcutaneous depots
during the dry period but mobilize significantly more adipose tissue mass from both depots
after calving. Various observations indicate a functional disparity between abdominal and
subcutaneous adipose tissues. In contrast to subcutaneous adipose tissue, the amount of
abdominal adipose mass lost in the first four weeks postpartum correlated significantly with
gain of mass during the dry period. Contrary to abdominal adipose tissue, prepartal gain and
loss of subcutaneous adipose mass during first four weeks postpartum correlated significantly

with energy balance of respective periods, and loss of adipose mass from subcutaneous
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adipose tissues correlated significantly with feed efficiency in the first four weeks postpartum.
Greater knowledge of functional disparities between abdominal and subcutaneous adipose
tissues may improve our understanding of excessive lipomobilization and its consequences for
metabolic health and performance of dairy cows during the transition period.
Key words: adipose tissue depot; lipomobilization; fresh cow period; activity;
ultrasonography

INTRODUCTION
The period around parturition, the fresh cow and early lactation period are usually
characterized by negative energy balance (NEB), a consequence of increased nutrient demand
for fetal growth and onset of milk production, which cannot be satisfied by feed intake
(Grummer, 1995). During lipomobilization non-esterified fatty acids (NEFA) and glycerol
released from adipose tissues counterbalance NEB. In case of incomplete oxidation of NEFA
hepatic ketogenesis is increased with subsequently increased blood concentrations of ketone
bodies (Gordon et al., 2013). Subclinical ketosis, commonly defined by blood concentrations
of the ketone body beta-hydroxybutyrate exceeding 1.2 mmol/l, is a major risk factor for
reduced productivity, premature culling and various health disorders, such as metritis,
mastitis, abomasal displacement or infertility (Drackley, 1999, Raboisson et al., 2014). With a
reported incidence of 25 — 60%, SCK is a frequent metabolic disorder in high producing dairy
herds (McArt et al., 2012, Suthar et al., 2013, Garro et al., 2014). In particular, cows with high
body condition at calving are prone for severe NEB, excessive lipomobilization, and SCK
(Roche et al., 2009, Pires et al., 2013).
During NEB, NEFA are released from subcutaneous (SCAT) and visceral adipose depots.
Previous studies established that dairy cows accumulate more fat in abdominal adipose tissues
(AAT; Wright and Russel (1984)), which appears especially true for over-conditioned animals

(Drackley et al., 2014). Furthermore, recent studies using postmortem examinations suggest
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that SCAT and AAT may contribute differently to fat mobilization (von Soosten et al., 2011,
Raschka et al., 2016). Additionally, functional differences between SCAT and retroperitoneal
adipose tissue (RPAT), a subunit of AAT, have been reported, as RPAT seems to have a
higher lipolytic activity in the first weeks after calving than SCAT (Locher et al., 2011,
Kabara et al., 2014, Saremi et al., 2014). Also in experimental animals and humans,
remarkable disparities in functional properties of subcutaneous and visceral adipose tissues
have been reported (Yang and Smith, 2007). The dissimilarity in gain and loss seems to have
a significant impact on the development of metabolic health disorders (Bays, 2014).

The effects of high body condition on health and performance were intensively studied in
recent decades. Commonly, body condition is either semiquantitatively assessed by scoring or
by ultrasonographic measurement of back fat thickness (Schréder and Staufenbiel, 20086,
Roche et al., 2009). The disadvantage of these techniques is that they only reflect
subcutaneous adipose depots. The AAT, mainly comprising of retroperitoneal (RPAT),
mesenteric (MAT) and omental (OMAT) fat depots, cannot be assessed by these methods
(Roche et al., 2013). Recently Raschka et al. (2016) established and validated an
ultrasonographic technique to estimate the mass of SCAT, RPAT, OMAT, MAT and total
abdominal fat (AAT) in vivo in German Holstein dairy cows. Similar techniques are also
reported for beef cattle (Kim et al., 1998, Ribeiro and Tedeschi, 2012), goats (Teixeira et al.,
2008, Peres et al., 2010) and sheep (Ripoll et al., 2010). Using the ultrasonographic technique
of Raschka et al. (2016), Ruda et al. (2019) studied Holstein dairy cows from day -42 before
parturition to 100 days in milk. The authors showed, that the estimated depot mass (eDM) of
AAT was about 2.5 times bigger than of SCAT and that postpartum absolutely and relatively
more fat was mobilized from AAT compared to SCAT, supporting above mentioned
molecular studies stating a higher lipolytic activity in visceral than subcutaneous adipose

depots during this stage of lactation.
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As a follow up and confirmation study the aim of present study was to compare the dynamic
changes of subcutaneous and abdominal adipose depots in cows with high and low body
condition and the effects on energy metabolism and performance.

MATERIALS AND METHODS
Data for this study were retrieved from a previously published trial (Schéfers et al., 2017) on
the effects of Vitamin E and conjugated linoleic acid (CLA) on performance, lipomobilization
and energy metabolism in dairy cows during the transition period. The study was carried out
at the experimental station of the Friedrich-Loeffler-Institute (FLI), Brunswick, Germany, in
accordance with the German Animal Welfare Act and was approved by the Lower Saxony
State Office for Consumer Protection and Food Safety (LAVES, Oldenburg, Germany).
Animals and Diets
Schéfers et al. (2017) described experimental design, feeds, diets, collection of samples,
analytical procedures, ultrasonographic examinations and recordings of performance data and
their further processing in detail. Briefly, 64 pluriparous German Holstein cows were
allocated into four groups (n=16/group), three treatment groups (CLA, Vit E and CLA+Vit E)
and one control group. Cows were studied from day 42 antepartum (a.p., d-42) until day 70
postpartum (p.p., d70). Cows were fed ad libitum with a standardized partial mixed ration
(PMR) from self-feeding troughs (RIC, Insentec B.V., Marknesse, the Netherlands) during the
trial. Additionally, the animals were supplied with 3 kg/d/cow of concentrate by means of
automated self-feeding stations (Insentec B.V.). The ration consisted of 60% concentrate and
40% silage (50% corn, 50% grass silage on dry matter basis) from d 42 prior to expected
calving. After calving, the portion of concentrate steadily increased from 30% to 50% until
d21 and then remained on this level. The CLA group received a mix of conjugated linoleic
acids with a target to supply 8.4 g of cis-9,trans-11 and 8.4 g of trans-10,cis-12 per day per

cow (BASF Lutrell, Lampertheim, Germany), the Vitamin E group was treated with 2.327 1U
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of vitamin E/d per cow (BASF Lutavit E 50) and the CLA+Vit. E group received both
treatments. Since no significant effects of any treatment were found on mass of adipose
tissues (Schéfers et al., 2017) the data set appeared generally suitable for further evaluation of
dynamics of adipose tissue masses during the transition period.

Selection of cows, ultrasonographic examination and activity measurements

From studied cows half were selected (31 cows; CLA-, Vit E-, Control-: n=8; CLA+Vit E-
group: n=7) for ultrasonographic assessment of subcutaneous (SCAT) and abdominal
retroperitoneal (RPAT), omental (OMAT), and mesenteric (MAT) adipose tissue depot mass.
Total abdominal depot mass (AAT) was calculated as sum of RPAT, OMAT and MAT.
Ultrasonographic measurements were performed on day (d) -42, d7, d21, and d70 relative to
parturition according to Raschka et al. (2016). For ultrasonography, a Mindray M5 Vet
(Mindray, Shenzhen, China) ultrasound system equipped with a convex (3 MHz, Mindray
3C5s) and a linear probe (6 MHz, Mindray 6LE5VS) was used. Measurements were
performed in duplicate without applying pressure, in order to avoid bias (Raschka et al.,
2016). For statistical analysis means of the two measurements were used.

Activity data were collected from the same 31 cows by using IceTag accelerometer (IceTag
2.004, IceRobotics Ltd, South Queensferry, UK). The accelerometer technology can be used
to survey lying, standing and stepping performance of cattle and has been validated, showing
high sensitivity and specificity for lying and standing behavior (Trenel et al., 2009, Nielsen et
al., 2018). The device was attached on the lateral side of one of the hind legs above the fetlock
by a Velcro strep. With a recording frequency of 1 sec, the measurements were done in week
(w) -6, -2, 3, and week 9 relative to parturition. Data were recorded for at least three
consecutive days during each measurement period. The activity data were downloaded by
using lceTagAnalyser software (version 2.009, IceRobotics Ltd) and were exported to an

Excel 2010 spreadsheet (Microsoft Corp., Redmond, WA, USA). The activity data were used
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to determine lying time/d (h/d), lying bouts/d (N/d), and steps/d (N/d) and to calculate lying
time/lying bout (min/bout). The data collection day was defined as starting at 1200 and ending
the following day at 1159. Only lying phases of more than two minutes duration were
considered. For statistical analysis, three day means of activity parameter for each recording
period were used (Bewley et al., 2010).

Performance data, diet and blood samples

Schéfers et al. (2017) described all methods in detail. Briefly, BCS was determined by using
the 5-point scale (Edmonson et al., 1989) and was done by the same experienced researcher.
Body weight was measured once a week before parturition and postpartum after each milking
until day 70.

The cows were milked twice a day at 0530 and 1530. Milk yield was measured by automated
milking stations (Lemmer Fullwood GmbH, Lohmar, Germany). Milk samples were collected
twice a week for analysis of milk components (infrared milk analyzer Milkoscan FT 6000;
Foss Electric, Hillerod, Denmark; fat, protein, lactose, urea concentrations), from which here
only milk fat % is presented.

Blood samples were taken after each morning milking on d-42, -14, -7, 1, 3, 7, 10, 14, 21, 28,
36, 42, 56, and 70 relative to parturition from the jugular vein for analysis of non-esterified
fatty acids (NEFA), and beta-hydroxybutyrate (BHB) in serum by a photometric system
(Eurolyser VET CCA, Salzburg, Austria).

Samples of the PMR and concentrate collected twice and once weekly, respectively, were
pooled for 4 week periods to a collective sample and analyzed according to the standard
methods of VDLUFA (1993; dry matter, crude ash, crude protein, ether extract, crude fiber,
and NDF; Schafers et al. (2017)).

Calculations and statistical analysis
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The performance parameters dry matter intake (DMI), energy intake (EI), energy balance
(EB), milk yield, and milk components were calculated as weekly means before statistical
analysis. Equations used for calculation of El, EB, fat corrected milk yield, energy corrected
milk yield (ECM) and feed efficiency (FE; kg/kg; FE=ECM/DMI) are presented by Schéfers
et al. (2017). In the current study results of statistical evaluation of milk lactose, protein, and
urea content are not shown, because no significant group differences in means were
statistically found.

Ultrasonographic measurements were used to determine the adipose tissue masses using the
regression equations of Raschka et al. (2016) (SCAT = —6.66 + 0.72 x R12 + 0.31 x AW3c;
RPAT =-9.55 +0.62 x R12 + 0.06 x KD3b; OMAT = —-2.32 + 0.55 x BFT + 0.37 x AW3b
and MAT = —-12.8 + 0.38 x AWIb + 1.73 x AW3b — 1.45 x AW3c + 0.07 x KD2c¢). The
AAT mass was calculated as the sum of RPAT, MAT and OMAT. For further details, see
Schéfers et al. (2017). Daily changes of depot mass (dDC; kg/d) during the dry (DCP; d-42 —
d7), fresh cow (FCP; d7 — d28), and early lactation (ECP; d28 — d70) period were calculated
by dividing the difference of estimated depot mass (eDM) at the end and beginning of each
period by the number of the actual days of that timespan (aDC DCP = (eDM d7 — eDM d-
42)/d, aDC FCP = (eDM d28 — eDM d7)/d, aDC ELP = (eDM d70 — eDM d28)/d).

To assign cows to a low and high body condition (BC) group cows were ranked according to
the eDM SCAT on day -42 before parturition. The 15 cows with highest eDM SCAT d-42
were assigned to the high and 16 cows with the lowest eDM SCAT to the low body condition
(BC) group.

For calculation of the incidence of SCK (BHB > 1.2 mmol/l; LeBlanc (2010), Ospina et al.
(2010c)), each cow reaching the threshold in FCP or ELP was counted as one case. Cows
considered already in FCP as subclinically ketotic were not counted as new case in ELP when

reaching the threshold again.
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For statistical analyses the SAS software package (version 9.3; SAS Institute Inc., Cary, North
Carolina, USA) was used. The ante and postpartum periods were analyzed separately, except
for adipose tissue mass. The MIXED procedure for repeated measures with compound
symmetry or ante-dependence covariate structure was used (Littell et al., 1998). Group, and
time and their interaction were used as fixed effects and the cow within groups was
considered as a random effect. Repeated measures were the day, week or period of sample
collection. The animal identification was used as SUBJECT option within the REPEATED
statement and the Tukey's post-hoc test for comparisons of corresponding means. Period
mean of EB was calculated from weekly means of EB for DP (week—6 — week -1 relative to
parturition) and period means of EB and feed efficiency from corresponding weekly means
for FCP (week 1 — 4 postpartum) and ELP (week 5 — 10 postpartum). For analysis of Pearson
correlations, the PROC CORR procedure of SAS was used. Frequencies were tested by
Fisher’s Exact Test for statistical differences between groups using PROC FREQ of SAS.
Effects were defined as trend when p-values were 0.05 < p < 0.10, and as statistically
significant when p-values were p < 0.05.
RESULTS

Estimated depot mass of adipose tissues

Results of eDM of SCAT (time: p < 0.001, group: p < 0.001, time x group: p = 0.003) and
AAT (time: p < 0.001, group: p < 0.001, time x group: p = 0.005) revealed significant time
effects on depots and group differences between cows of the high and low BC-groups (Table
1). This group difference also found on d7 disappeared on d28 and d70 after parturition. In
both groups, cows gained during the dry period on average about 130g/d depot mass in SCAT
and about 320 g/d in AAT (Table 1). After parturition cows lost (aDC) in the high BC group
on average more SCAT and AAT than in the low BC group (time effects: p < 0.001, group

effect SCAT: p = 0.005 and AAT: p = 0.008). In ELP, the aDC of AAT was still significantly
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higher in the high compared to the low BC group (p < 0.05; Table 1). Comparing mean eDM
of SCAT and AAT over all studied cows results revealed a significant higher depot mass for
AAT than SCAT throughout the study period (depot effect: p < 0.001). The eDM of AAT was
at all time points about 2 — 3 times bigger than the eDM SCAT.

As for eDM AAT, statistical evaluation of mean eDM abdominal subunit depots RPAT,
OMAT, and MAT revealed significant time (p < 0.001) and group effects (p < 0.001) with
higher mean eDM in the high BC group than the low BC group (Table 2). A time x group
effect existed for RPAT (p = 0.024) and OMAT (p < 0.001). In both groups, the three
abdominal depots gained to the same extent eDM during the dry period. After parturition
more fat was mobilized (aDC) from RPAT (group effect: p = 0.039) and OMAT (group
effect: p < 0.001) in the high BC group compared to the low BC group, but no group effects
were found for MAT.

Body weight and performance

Significant time effects (p < 0.001) were found for body weight, BCS, DMI, EI, and EB
before and after parturition and for milk yield, milk fat content, FCM, ECM and feed
efficiency postpartum (Table 3). Mean body weight (group effect: p < 0.001) and BCS (group
effect: p = 0.027) increased during the dry period and were significantly higher in the high BC
than in the low BC group. DMI, EIl, and EB decreased starting about three to two weeks
before parturition, in particular EB in the high BC group (group x time effect: p = 0.005).
Postpartum mean BW and BCS decreased continuously, but on average in high more than in
low BC group (BW: group effect: p = 0.002, group x time effect: p = 0.025; BCS: group
effect: p = 0.013, group x time effect: n.s.). Results revealed no further group x time effects
for any parameter and no group effects for DMI, EI, and milk yield postpartum. The milk fat
content (group effect: p = 0.005), 4% fat-corrected (group effect: p < 0.001) and energy

corrected milk yield (group effect: p < 0.001) and feed efficiency (group effect: p = 0.004)
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were significantly higher and energy balance (group effect: p < 0.001) significantly lower in
the high compared to the low BC group.

Activity parameter

Postpartum activity recordings revealed no significant time, group or time x group effects
(Table 4). While from week 6 to week 2 before parturition the number of lying bouts/d
increased (time effect: p = 0.004) the lying time/bout decreased (time effect: p = 0.008). Cows
of the high BC group presented on average a higher number of lying bouts/d (group effect: p
=0.041) but lower lying time/bout (group effect: p = 0.023), and steps/24 h (group effect: p =
0.005) compared to the low BC group.

Blood NEFA and BHB

Mean blood levels of NEFA increased slightly during the dry period (time effect: p = 0.049;
Table 5) and BHB concentrations were significantly higher in high than in low BC group
(group effect: p = 0.027). After parturition, analysis of results revealed a significant decrease
in mean blood NEFA concentrations (time effect: p < 0.001) and higher NEFA level in the
high compared to the low BC group (group effect: p = 0.039). No group or time x group
effects were seen for blood concentrations of BHB. Mean blood BHB level steadily increased
postpartum until d28 and then decreased again (time effect: p = 0.008). No statistical
differences were found in the incidence of subclinical ketosis (SCK) in FCP and ELP between
groups (FCP: low BC: N = 8/16 (50%), high BC: N = 9/15 (60%), ELP: low BC: N = 1/16
(6%), high BC: N = 2/15 (13%)).

Correlations between adipose tissues, energy metabolism and performance

The eDM at day 7 of all assessed fat depots correlated significantly with the mobilization of
fat from these depots in FCP and in ELP, except eDM MAT in ELP (Table 6; range of r: -0.40
- -0,75). The aDC during the dry period (gain of depot fat) of abdominal but not of

subcutaneous depot fat had significantly correlated with the mobilization of fat during the
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FCP (range of r: -0.43 - -0.80), but not during the ELP, except for MAT. The mobilization of
fat (aDC) from SCAT and the abdominal fat depots RPAT and OMAT during FCP correlated
significantly with blood concentrations of NEFA (range of r: -0.37 - -0.53) but almost no
significant correlations were found with blood level of BHB, except for aDC FCP MAT with
BHB on d7. The aDC SCAT and OMAT in FCP showed a low but significant correlation
with milk fat content in w2 and w3 and as a trend in w4 (range of r: -0.34 - -0.43). Mean
energy balance in the dry period (DP) correlated significantly with aDC SCAT DP (r: 0.41, p
=0.023) but not with aDC AAT DP (r: 0.23, p = 0.21).

In FCP a significant relationship between energy balance and aDC SCAT FCP (Fig. 1a; r:
0.42, p < 0.05) but not aDC AAT FCP (Fig. 1b) was found. In ELP energy balance correlated
significantly with aDC SCAT ELP (Fig. 1c; r: 0.60, p < 0.001) and aDC AAT ELP (Fig. 1d; r:
0.57, p < 0.001). Figure 2 shows the relationship between aDC SCAT FCP (Fig. 2a, r: -0.43, p
< 0.05), aDC AAT FCP (Fig. 2b, n.s.), abC SCAT ELP (Fig. 2c; r: -0.59, p < 0.001), and
aDC AAT ELP (Fig. 2d; r: -0.57, p < 0.001) with feed efficiency in FCP and ELP,
respectively.

DISCUSSION

Cows of current study were classified into the high and low body condition group according
to the ultrasonographically measured eDM of SCAT six weeks before parturition (d-42).
Raschka et al. (2016) and Ruda et al. (2019) showed that ultrasonographic assessments are a
sufficiently accurate tool to estimate in vivo subcutaneous and abdominal adipose depot mass
and to follow their changes during the transition period. Additionally, this technique serves in
contrast to assessment of BCS or back fat thickness (Schrdder and Staufenbiel, 2006, Roche
et al., 2009) not only as an indicator of body condition. It provides a quantitative estimate of
depot mass at repeated preset time points and allows thereby estimating quantitative changes

in depot mass between these time points, which reflect either mass gain during the dry period
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or mobilization of tissue after parturition. Half of the cows with the lowest eDM SCAT at d-
42 were sorted into the low BC group. This study is based on a data set previously published
by Schéfers et al. (2017). The authors enrolled in their study only cows that had a BCS at the
beginning of the dry period of three and higher. Thus, cows of the low BC group presented
not low but adequate BCS at study start while cows of the high BC group tended already to an
over-conditioned state (Edmonson et al.,, 1989, Roche et al., 2009). However, when
classifying cows by eDM SCAT at the time of study enrollment it was expected that not only
mean eDM of SCAT but also body weight and BCS (Table 3) differed between groups
significantly at this time point. This continued throughout the dry period, but the difference
between high and low BC group means of these parameters disappeared with progression of
lactation (Table 1).

The ultrasonographically assessed eDM of SCAT and AAT (Table 1) and its subunit depots
(RPAT, OMAT, MAT,; Table 2) revealed the expected dynamics during the transition period
of dairy cows, with gain during the dry period, when EB is positive (Table 5), and
mobilization (loss) of fat after parturition, when energy balance is negative. The eDM of AAT
was throughout the study period about two to three times bigger than of SCAT (Table 1). At
d7 mean eDM of AAT and SCAT were about 50 and 19 kg, respectively, which is in excellent
accordance with Ruda et al. (2019), who found for AAT 52 kg and SCAT 19 kg depot mass
three days postpartum using the same ultrasonographic method for assessment of depot mass
of adipose tissues. A bigger depot mass of AAT and SCAT reported also von Soosten et al.
(2011) and Raschka et al. (2016) based on post mortem examination of German Holstein
heifers and cows, respectively.

The dry period, which usually starts 6-8 weeks before parturition, serves to restore the
condition of the cows before the next lactation (van Knegsel et al., 2013). In the current study,

more fat mass was gained in abdominal depots (about 320 g/d) than in SCAT (about 130 g/d)
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during the dry period but no significant differences were found in gain of abdominal and
subcutaneous depot mass between the two groups. Gain of SCAT and AAT in the dry period
were within the range previously reported by Ruda et al. (2019). Cows of both groups did not
differ in DMI, energy intake and energy balance during the dry period, which may explain the
lack of difference in gain between groups in this study. On average, cows of the high BC
group tended to spent more time lying during the day and showed significantly less activity
when standing as indicated by the recorded number of steps/24 h compared to low BC group
(Table 4). However, the mean number of lying bouts/24h was in the high BC group
significantly higher as in the low BC group and in consequence, the lying time/bout was
shorter. The spared energy expenditure due to less activity while standing and slightly longer
lying time/d might have been superimposed by more energy necessary for rising and laying
down. At least possible differences in energy expenditure for activity did not result in
measurable more energy stored as triglycerides in SCAT or AAT in high compared to low BC
cows during the dry period.

Activity is also an important indicator of animal welfare and comfort (Haley et al., 2001,
Vasseur et al., 2012a). The total daily lying time is the most commonly used trait, but the
number and duration of lying bouts are also useful measures of welfare (Fregonesi and
Leaver, 2001). Changes in behavioral traits may reflect discomfort experienced by cows, as
well as the ease with which they can lie down, change lying position, and stand up (Vasseur et
al., 2012b, Shepley et al., 2019). Body condition can have an effect on the daily lying time, as
well (Westin et al., 2016a). Thus, it is possible that, due to higher body mass, cows in the high
BC group experienced less comfort during lying than low BC cows, and switched more often
between lying and standing position.

After calving dairy cows, in particular cows with high body condition at the time of calving,

mobilize fat from adipose tissues in order to compensate negative EB (Schroder and
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Staufenbiel, 2006, Roche et al., 2009, Contreras et al., 2018). Accordingly, in FCP right after
calving, when energy balance is more negative than in ELP (Table 3), in both groups more
SCAT and AAT adipose tissue mass was mobilized compared to ELP. Furthermore, cows of
high BC group mobilized significantly more depot mass not only from subcutaneous but also
from abdominal depots than cows of low BC group. It was also not surprising (Schréder and
Staufenbiel, 2006, Roche et al., 2009) that a high adipose depot mass at parturition resulted in
more loss of adipose tissue mass after parturition in SCAT and also in all assessed abdominal
depots as indicated by the negative correlation between eDM at d7 with aDC in the
corresponding depot mass in FCP and ELP (Table 6). However, as previously reported by von
Soosten et al. (2011), Drackley et al. (2014) and Ruda et al. (2019), also in the current study
after parturition generally more fat was mobilized from AAT than from SCAT. This is most
likely not only due to the bigger depot size of AAT but also to higher lipolytic activity in
abdominal compared to subcutaneous adipose tissues in states of NEB (Ruda et al., 2019). In
the current study, the mobilized AAT adipose tissue mass in the high compared to the low BC
group originated mainly from RPAT and OMAT, since MAT revealed no group differences.
In contrast to this finding, Ruda et al. (2019) found for RPAT, OMAT, and MAT after
parturition the same dynamic pattern in loss of adipose tissue mass.

A functional disparity between AAT and SCAT may also be indicated by the significant
correlations between depot mass gain during the dry period and loss of depot mass in the first
four weeks after parturition in abdominal but not subcutaneous adipose depots (Table 6). In
other words, the more an abdominal depot gains mass during DP, the more mass is mobilized
in FCP what apparently is not the case for SCAT. The significant correlation between mean
energy balance during the dry period and depot mass gain of SCAT but not of AAT may also
be a hint towards a depot functional disparity and that gain of AAT is not or less related to

energy balance during this period than gain of SCAT. Body condition has generally a
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relatively low heritability (Dal Zotto et al. (2007): 0.15; Battagin et al. (2013): 0.114). Studies
on genetic disposition consider only the subcutaneous but not abdominal depots.
Independently from energy balance, there may be an individual disposition to gain more
before and to lose more abdominal adipose fat after parturition and a functional interaction
between gain and mobilization around parturition from abdominal depots. However, in
contrast to this study Ruda et al. (2019) reported in a study on 18 primiparous and 29
multiparous cows a significant correlation between gain in SCAT during DP with loss of
SCAT during FCP beside the above-described relationship between gain and loss of
abdominal depots. As in this study, the authors found no correlations between gain in DP and
loss of depot mass in ELP.

According to Schroder and Staufenbiel (2006), Roche et al. (2009), and Contreras et al.
(2018) in postpartum dairy cows more negative EB commonly induces more severe
lipomobilization. However, this relationship was only reflected by results of correlation
analysis between mean energy balance and aDC SCAT and aDC AAT during ELP (week 5 —
10 postpartum in this study). The more energy balance was negative the more adipose mass
was mobilized from SCAT and AAT after 28 days in lactation (Figure 1c and 1d). During
FCP, in this study the first four weeks after parturition, only for aDC of eDM SCAT a weak
correlation with NEB was found, but not for AAT (Figure 1a and 1b). This observation may
also indicate a functional disparity of SCAT and AAT in FCP. Furthermore, it questions that
NEB is the main driver of lipomobilization of AAT during FCP. Instead, this observation
suggests, that during this particular phase factors other than NEB might be seemingly more
important. Results of the present study again point to an individual’s body condition as one of
these possible factors enhancing postpartum adipose mobilization in the dairy cow (Roche et
al.,, 2009, Vanholder et al., 2015, Ruda et al., 2019). Moreover, it is conceivable, that

mechanisms of homeorhetic adaption to lactation might play a bigger role for the depletion of
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adipose depots during FCP than NEB. Decoupling of the somatotropic axis (Piechotta et al.,
2013) may be involved in differences in homeorhetic adaptation of these depots. Conceivably,
depot tissues may differ in responsiveness to insulin or B-adrenergic stimulation of lipolysis
(Sumner and McNamara, 2007, Sumner-Thomson et al., 2011, Kenez et al., 2015b, Kinoshita
et al., 2016), as well as in presence or responsiveness to inflammatory stimuli (McGrattan et
al., 2000, De Koster et al., 2016, Contreras et al., 2017).

During the dry period, mean blood concentrations of BHB (Table 5) were significantly higher
in cows of the high BC group than in the low BC group. Generally, blood concentrations of
BHB are a function of ruminal and hepatic BHB release and utilization in peripheral tissues.
Since mean gain of SCAT and AAT adipose tissue mass, DMI, energy intake and energy
balance in the dry period did not differ significantly between groups it appears likely that less
activity of high BC cows caused less utilization of BHB by peripheral tissues and thus
elevated blood concentrations (Drackley et al., 2001). Postpartum the expected (Roche et al.,
2009) higher incidence of SCK during FCP was not observed in cows of high compared to
low BC group (SCK incidence: 60% vs. 50%, resp.; n.s.), but the incidence was still within
the range reported before (Duffield et al., 1998a, McArt et al., 2012, Suthar et al., 2013). A
high incidence of SCK may be attributable to the high calving BCS of the cows enrolled in
the study, as it was reported by Gillund et al. (2001) that dairy cows calving with a BCS
greater than 3.5 have a significantly higher risk of developing ketosis compared to calving
BCS of 3.25. Thus, the high incidence of SCK may be a consequence of the animal model
used during this study.

In FCP, significant amounts of fat were mobilized from abdominal adipose tissues. NEFA and
glycerol from lipolysis out of the abdominal adipose depots are drained via the portal vein to
the liver (Montague and O'Rahilly, 2000), thereby providing an immediate energy flux to

meet the energy demands of this organ which are particularly high in high producing dairy
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cows (Reynolds et al., 2003). Ketogenesis is an alternative pathway for hepatic use of NEFA
when their complete oxidation in the Krebs cycle in case of oxaloacetate shortage is not
possible (Drackley, 1999). The almost absent correlations between mobilization of abdominal
adipose tissue mass and blood BHB concentrations in FCP indicate that beside high amounts
of NEFA supplied to the liver individual factors are responsible for significantly enhanced
ketogenesis and SCK. Heritability of ketosis is about 0.1 (Weigel et al., 2017, Klein et al.,
2019).

The higher mean blood NEFA concentrations after parturition in the high compared to the low
BC group reflect NEB with the increased release of NEFA from adipose tissues (Duffield,
2000). At least the lack of significant differences in daily activity between groups (Table 4)
gave no indication for reduced utilization of NEFA by peripheral tissues caused by less
physical activity. The correlation analysis showed also that the more adipose tissue was
mobilized from SCAT and AAT the higher blood NEFA concentrations were found (Table 6).
We found that the NEFA concentration started to increase one week before calving and
trended to be higher in the cows with greater SCAT weight. Contrary to our results, other
publications found that the NEFA concentration began to increase already 14 day before
parturition and no differences between the groups were recorded (van der Drift et al., 2012,
Weber et al., 2013).

The more extensive mobilization of fat from adipose tissues in the high BC group explains at
least partly the higher milk fat content (Table 3; Stockdale (2005), Gross and Bruckmaier
(2019)). This is also indicated by a weak but significant correlation between mobilization of
adipose mass from SCAT and OMAT with milk fat content (Table 6). The higher milk fat
content resulted in higher recorded mean fat corrected and energy corrected milk yields and in
consequence in higher feed efficiency in high BC compared to low BC group. Because mean

DMI did not differ between high and low BC groups the higher calculated feed efficiency
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(=ECM/DMI; kg/kg; Schéfers et al. (2017)) was mainly caused by increased ECM. That a
higher feed efficiency in lactating cows in negative energy balance is to a significant extent
attributable to the extra energy provided by fat mobilization in ELP is also indicated by the
significant correlation between aDC in eDM of SCAT and AAT in early lactation (week 5 —
10 postpartum in this study, Figure 2c and 2d). However, in the first four weeks after
parturition only aDC of eDM SCAT but not AAT contributed weakly to higher feed
efficiency (Figure 2a and 2b). This may indicate again the functional disparity and a different
fate of NEFA from SCAT and AAT in the first weeks of lactation. Spurlock et al. (2012)
reported unfavorable genetic correlation between higher feed efficiency and a more
pronounced NEB after parturition, indicating that efficient cows may be more susceptible for
excessive lipomobilization from adipose tissues.
CONCLUSIONS

According to this study German Holstein cows store about 2 to 3 times more fat in abdominal
than subcutaneous adipose tissues. During positive energy balance in the dry period
significantly more fat is stored in abdominal than in subcutaneous depots and during negative
energy balance after parturition more adipose tissue mass is lost from abdominal compared to
subcutaneous depots. Cows with high compared to low body condition before calving gain
about the same adipose tissue mass in abdominal and subcutaneous depots during the dry
period but mobilize significantly more adipose tissue mass from both depots after calving.
Various observations indicate a functional disparity between abdominal and subcutaneous
adipose tissues. In contrast to subcutaneous adipose tissues, the amount of abdominal adipose
mass lost in the first four weeks postpartum appears closely related to gain of mass during the
dry period. Gain prepartum and loss during first weeks postpartum of adipose mass in

abdominal tissues seems not be related to energy balance of respective periods, and loss of
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474  adipose mass from abdominal adipose tissues appears not be related to feed efficiency in the
475  first four weeks postpartum.
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Legends

Table 1: Ultrasonographically estimated average depot mass (eDM) of subcutaneous (SCAT)
and total abdominal (AAT) adipose tissue during the transition period (day relative to
parturition) and average daily change in depot mass (aDC) during the dry period (DP: day -42
— day 7 relative to parturition), the fresh cow (FCP, d7 — d28) and early lactation period (ELP,
d28 — d70) of German Holstein cows with low (cows with low subcutaneous adipose tissue
mass on day -42 relative to calving, N = 16) and high (cows with high subcutaneous adipose
tissue mass on d -42 relative to calving, N = 15) condition (LSM).

Table 2: Ultrasonographically estimated average depot mass (eDM) of abdominal adipose
tissues (RPAT: retroperitoneal, OMAT: omental, MAT: mesenteric adipose tissue) during the
transition period (day relative to parturition) and average daily change in depot mass (aDC)
during the dry period (DP: day -42 — day 7 relative to parturition), the fresh cow (FCP, d7 —

d28) and early lactation period (ELP, d28 — d70) of German Holstein cows with low (cows
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with low subcutaneous adipose tissue mass on day -42 relative to calving, N = 16) and high
(cows with high subcutaneous adipose tissue mass on d -42 relative to calving, N = 15)
condition (LSM).

Table 3: Body weight (BW), body condition score (BCS), dry matter intake (DMI), energy
intake (EI), energy balance (EB), lactation performance parameters and production efficiency
during the antepartum (a.p.: week -6 — week -1 relative to parturition) and postpartum (p.p.:
week 1 — week 10 relative to parturition) period in German Holstein cows with low (cows
with low subcutaneous adipose tissue mass on day -42 relative to calving, N = 16) and high
(cows with high subcutaneous adipose tissue mass on d -42 relative to calving, N = 15) body
condition (LSM).

Table 4: Lying and standing behavior during the transition period (week (w) -6, -2, 3, and
week 9 relative to parturition) in German Holstein cows with low (cows with low
subcutaneous adipose tissue mass on day -42 relative to calving, N = 16) and high (cows with
high subcutaneous adipose tissue mass on d -42 relative to calving, N = 15) body condition
(LSM).

Table 5: Concentrations of non-esterified fatty acids (NEFA), and B-hydroxybutyrate (BHB)
during the ante partum (a.p.: day -42 — day -3 relative to parturition) and post partum (p.p.:
day 1 — day 70 relative to parturition) period in German Holstein cows with low (cows with
low subcutaneous adipose tissue mass on day -42 relative to calving, N = 16) and high (cows
with high subcutaneous adipose tissue mass on d -42 relative to calving, N = 15) body
condition (LSM).

Table 6: Pearson correlations of eDM at parturition (eDM d7), and average daily change in
depot mass (aDC) during the dry period (DP) of subcutaneous (SCAT), total abdominal
(AAT), retroperitoneal (RPAT), omental (OMAT), and mesenteric (MAT) adipose tissue with

aDC of corresponding depots during the fresh cow (FCP) and early lactation period (ELP) as
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well as of aDC during the FCP with blood concentrations of NEFA and BHB and milk fat %
measured at day (d)7, 14, 21, and 28 or in week (w) 1, 2, 3, and 4 after parturition,
respectively (N=31).

Figure 1: Relationship between mean energy balance (MJ NEL/d) in the fresh cow period
(FCP; d7 — d28 postpartum) and average daily change (aDC, kg/d) of subcutaneous (SCAT;
A) and abdominal adipose mass (AAT; B), and between mean energy balance in early
lactation period (ELP, d28 — d70 postpartum) and aDC of SCAT (C) and AAT (D) in ELP. *
p <0.05, *** p < 0.001

Figure 2: Relationship between average daily change (aDC, kg/d) of subcutaneous (SCAT; A)
and abdominal adipose mass (AAT; B) in the fresh cow period (FCP; d7 — d28 postpartum)
and mean feed efficiency (energy corrected milk yield/dry matter intake; kg/kg) in FCP and
between aDC of SCAT (C) and AAT (D) in early lactation period (ELP, d28 — d70

postpartum) and mean feed efficiency in ELP. * p < 0.05, *** p < 0.001
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Table 1. Sonographically estimated average depot mass (eDM) of subcutaneous (SCAT) and total abdominal (AAT) adipose tissue during the transition period (day relative to
parturition) and average daily change in depot mass (aDC) during the dry period (DP: day -42 — day 7 relative to parturition), the fresh cow (FCP, d7 — d28) and early lactation
period (ELP, d28 — d70) of German Holstein cows with low (cows with low subcutaneous adipose tissue mass on day -42 relative to calving, N = 16) and high (cows with high

subcutaneous adipose tissue mass on d -42 relative to calving, N = 15) condition (LSM)
Parameter Depot Group? Day P-value
-42 7 28 70 Time Group Time x Group
eDM SCAT Low 8.104 16.84 15.6 13.8 <0.001 0.001 0.003
(kg) High 15.88 22.78 16.9 12.7
SEM 0.91 1.49 1.43 1.27
AAT Low 26.4~ 43.0~ 36.8~ 35.7 <0.001 <0.001 0.005
High 43.38 58.68 50.68 41.8
SEM 1.77 3.28 2.49 2.52
Period
DP FCP ELP
aDC SCAT Low 0.13 -0.14 -0.05 <0.001 0.005 0.18
(kg/d) High 0.14 -0.27 -0.10
SEM 0.03 0.04 0.01
AAT Low 0.34 -0.30 -0.034 <0.001 0.008 0.15
High 0.31 -0.38 -0.218
SEM 0.06 0.09 0.04

ABC Means within column with different superscripts differ (P < 0.05). Bold means within row differ from baseline within group (P < 0.05).
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7378} Table 2. Sonographically estimated average depot mass (eDM) of abdominal adipose tissues (RPAT: retroperitoneal, OMAT: omental, MAT: mesenteric adipose tissue) during
738  the transition period (day relative to parturition) and average daily change in depot mass (aDC) during the dry period (DP: day -42 — day 7 relative to parturition), the fresh cow
739 (FCP, d7 — d28) and early lactation period (ELP, d28 — d70) of German Holstein cows with low (cows with low subcutaneous adipose tissue mass on day -42 relative to calving,
740 N = 16) and high (cows with high subcutaneous adipose tissue mass on d -42 relative to calving, N = 15) condition (LSM)

Parameter Depot Group? Day P-value 741
-42 7 28 70 Time Group Time x Group
eDM RPAT Low 6.204 9.28A 7.94 7.34 <0.001 0.001 0.024
(kg) High 10.58 15.18 11.9 9.07
SEM 0.70 1.07 0.89 0.74
OMAT Low 9.124 17.24 14.6 12.8 <0.001 <0.001 <0.001
High 16.48 24.48 19.0 13.9
SEM 0.85 141 1.07 0.99
MAT Low 11.14 16.5 14.34 15.6 0.006 <0.001 0.11
High 16.65 19.6 19.68 18.8
SEM 1.05 1.16 0.85 0.91
Period
DP FCP ELP
aDC RPAT Low 0.06 -0.06 -0.01 <0.001 0.039 0.23
(kg/d) High 0.08 -0.13 -0.07
SEM 0.02 0.04 0.01
OMAT Low 0.16 -0.12 -0.04A <0.001 <0.001 0.70
High 0.13 -0.21 -0.128
SEM 0.04 0.04 0.02
MAT Low 0.11 -0.11 0.03 0.028 0.91 0.11
High 0.03 0.02 -0.02
SEM 0.03 0.05 0.02

742 ABC Corresponding means within column with different superscripts differ (P < 0.05). Bold means within row differ from baseline within group (P < 0.05).

743
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Table 3. Body weight (BW), body condition score (BCS), dry matter intake (DMI), energy intake (El), energy balance (EB), lactation performance parameters and production
efficiency during the antepartum (a.p.: week -6 — week -1 relative to parturition) and postpartum (p.p.: week 1 — week 10 relative to parturition) period in German Holstein cows
with low (cows with low subcutaneous adipose tissue mass on day -42 relative to calving, N = 16) and high (cows with high subcutaneous adipose tissue mass on d -42 relative to

calving, N = 15) condition (LSM)

Parameter Group? Week P-value
-6 -5 -4 -3 -2 -1 Time  Group Time x Group

BW a.p. Low 684~ 691~ 707~ 7254 738~ 7557 <0.001 <0.001 0.10
(kg) High 7518 7698 7988 803® 8238  836°

SEM 132 129 131 130 131 13.7
BCS a.p. Low 3.48% 349~ 3574 358* 3.78° 378" <0.001 0.027 0.48
(score) High 3.878 4.008 4.08% 4.17% 4228 427°

SEM 0.08 007 0.08 010 0.09 0.07
DMl a.p. Low 186 183 183 179 175 15.9 <0.001  0.38 0.21
(kg/d) High 188 199 193 184 176 15.4

SEM 05 0.5 0.5 0.5 0.5 0.7
El a.p. Low 137 135 135 132 130 119 <0.001 0.32 0.17
(MJ NEL/d) High 139 148 143 136 131 115

SEM 370 330 330 350 4.00 5.00
EB a.p. Low 876 827 831 723 717 70.6 <0.001 0.62 0.005
(MJ NEL/d) High 828 923 861 748 689 512

SEM 410 380 410 380 4.00 5.00

1 2 3 4 5 6 7 8 9 10

BW p.p. Low 667~ 650° 640 632% 633 636 636 635 636 637 <0.001 0.002 0.025
(kg) High 7408 7138 7038 697® 688 682 680 679 676 676

SEM 10.0 106 10.6 119 12.2 12.3 115 11.2 108 114
BCS p.p. Low 344 334 323 320 317 306 3.06 303 312 311 <0.001 0.013 0.52
(Score) High 390 372 363 372 368 348 338 355 345 3.38

SEM 012 012 012 012 0.12 012 012 012 012 0.12
DMI p.p. Low 138 163 175 187 203 205 211 209 215 213 <0.001 0.56 0.62
(kg/d) High 137 166 186 199 204 208 215 219 213 210

SEM 0.6 0.6 0.9 0.8 0.6 0.6 0.5 0.5 0.5 0.6
El p.p. Low 976 115 124 134 147 148 152 150 154 152 <0.001 0.56 0.62
(MJ NE/d) High 96.8 117 132 143 147 150 154 157 153 150

SEM 390 440 640 570 470 450 3.70 350 340 460
Milk yield Low 254 314 327 338 356 363 373 372 363 36.0 <0001 0.23 0.29
(kg/d) High 260 333 357 376 386 395 394 389 363 365

SEM 1.10 1.10 120 1.20 1.40 1.50 140 130 1.40 1.40
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749
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a1
o

Milk fat content Low
(%) High
4% fat-corrected milk (FCM) Low
(kg/d) High
Energy-corrected milk (ECM)  Low
(kg/d) High
EB p.p. Low
(MJ NE_/d) High
Feed efficiency Low
(kg ECM/kg DMI p.p.) High

SEM

SEM

SEM

SEM

SEM

5.10
5.50
0.30
33.1
35.6
1.90
30.0
33.7
1.70
-37.4
-45.6
6.40
2.22
2.40
0.15

5.00
5.60
0.20
35.8
40.4
1.40
35.5
40.4
1.20
-33.8
-48.7
5.50
2.30
2.45
0.16

4.50
5.00
0.20
35.0
40.6
1.30
34.9
40.1
1.10
-21.4
-36.4
4.00
1.96
2.16
0.07

4.30
4.90
0.20
35.3
42.6
1.50
34.7
41.3
1.20
-13.6
-29.5
4.10
1.90
2.10
0.07

3.90
4.80
0.20
35.4A
42.88
1.40
34.4°
41.88
1.30
-1.704
-26.18
4.00
1.71A
2.068
0.06

3.60
4.40
0.20
33.9
40.7
1.50
33.9
40.2
1.30
0.70*
-19.58
3.70
1.65%
1.968
0.06

3.70
4.40
0.20
35.0
39.5
1.40
34.7
39.9
1.20
1.20
-12.4
4.30
1.65
1.87
0.06

3.80
4.20
0.20
35.7
38.9
1.00
35.6
39.1
1.00
-2.90
-6.80
3.00
1.71
1.79
0.04

3.60
4.00
0.20
341
35.6
1.10
33.6
35.9
1.00
7.30
-1.80
3.50
1.57
1.70
0.05

3.50
4.10
0.20
33.6
36.1
1.30
33.9
36.2
1.10
8.60
-6.20
3.60
1.56
1.74
0.05

<0.001

0.029

<0.001

<0.001

<0.001

0.005

<0.001

<0.001

<0.001

0.004

0.77

0.47

0.75

0.28

0.36

ABC Corresponding means within column with different superscripts differ (P < 0.05). Bold means within row differ from means within group (P < 0.05).
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Table 4. Lying and standing behavior during the transition period (week (w) -6, -2, 3, and week 9 relative to parturition) in German Holstein cows with low (cows with low
subcutaneous adipose tissue mass on day -42 relative to calving, N = 16) and high (cows with high subcutaneous adipose tissue mass on d -42 relative to calving, N = 15)
condition (LSM)

Parameter Group? Week P-value Week P-value
-6 -2 Time Group Time*Group 3 9 Time  Group Time x Group

Lying bouts/24h  Low 124 18 0.004 0.041 0.78 12 14 0.92 0.19 0.11
(N/d) High 198 24 16 14

SEM 2 3 1 1
Lying time/24h Low 1294 126 012  0.089 0.31 941 982 093 0.52 0.34
(h/d) High 14.6% 132 102 9.85

SEM 037 0.71 0.38 0.62
Lying time/bout  Low 70.9 541 0.008 0.023 0.87 56.8 53.2 0.84 0.16 0.61
(min/bout) High 543 39.7 437 453

SEM 550 6.40 7.2 5.0
Steps/24h Low 1774 2104 025  0.005 0.21 2025 1737 0.21 0.38 0.98
(N/d) High 1376 1362 1756 1458

SEM 107 197 272 267

ABC Corresponding means within column with different superscripts differ (P < 0.05). Bold means within row differ from baseline within group (P < 0.05).
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756 & Table 5. Concentrations of non-esterified fatty acids (NEFA) and B-hydroxybutyrate (BHB) during the antepartum (a.p.: day -42 — day -3 relative to parturition) and postpartum
(p.p.: day 1 — day 70 relative to parturition) period in German Holstein cows with low (cows with low subcutaneous adipose tissue mass on day -42 relative to calving, N = 16)
and high (cows with high subcutaneous adipose tissue mass on d -42 relative to calving, N = 15) condition (LSM)

757
758

759

Parameter ~ Group?* Day P-value
-42  -14 -7 -3 Time Group Time x Group
Blood
NEFA a.p. Low 0.16 0.15 0.16 0.23 0.049  0.079 0.38
(mmol/L) High 0.16 0.15 0.24 0.40
SEM 0.01 0.01 0.04 0.08
BHBAa.p. Low 048 051 049 057 0.83 0.027 0.48
(mmol/L) High 0.66 0.67 0.60 0.55
SEM 0.09 0.05 0.05 0.06
1 3 7 10 14 21 28 35 42 56 70
NEFA p.p. Low 047 060 0.71 068 048 037 033 037 022 019 0.20 <0.001 0.039 0.52
(mmol/L) High 0.62 051 083 078 057 054 051 058 035 035 0.23
SEM 0.10 0.07 011 0.10 0.10 0.06 0.08 0.09 0.05 0.05 0.03
BHBAp.p. Low 059 0.77 089 119 136 113 094 107 0.76 0.65 0.67 0.008 0.12 0.61
(mmol/L) High 0.73 081 110 120 129 151 168 149 0.87 1.00 0.93
SEM 0.07 0.08 0.12 020 032 030 0.36 0.21 0.10 0.09 0.07

ABC Corresponding means within column with different superscripts differ (P < 0.05). Bold means within row differ from baseline within group (P < 0.05).

| uoneadljgnd ‘¢



760
761
762
763

764

765

766

19

Table 6. Pearson correlations (r) of eDM at parturition (eDM d7), and average daily change in depot mass (aDC) during the dry period (DP) of subcutaneous (SCAT), total
abdominal (AAT), retroperitoneal (RPAT), omental (OMAT), and mesenteric (MAT) adipose tissue with aDC of corresponding depots during the fresh cow (FCP) and early
lactation period (ELP) as well as of aDC during the FCP with blood concentrations of NEFA and BHB and milk fat % measured at day (d)7, 14, 21, and 28 or in week (w) 1, 2, 3,
and 4 after parturition (N = 31)

FCP ELP
Depot aDC aDC
eDM d7  SCAT -0.49**  -0.52**
AAT -0.62***  -0.40*
RPAT -0.60***  -0.48**
OMAT -0.75***  -0.55**
MAT -0.53*** -0.07
aDCDP  SCAT -0.23 -0.21
AAT -0.60*** -0.01
RPAT -0.43* -0.16
OMAT -0.52**  0.26
MAT -0.80*** 0.36*
Blood NEFA! Blood BHB! Milk  fat %
d7 d14 d21 d28 d7 d14 d21  d28 wl w2 w3 w4
aDC FCP SCAT -0.49**  -0.29 -0.37* -0.41* -006 -019 -022 -028 -0.30 -0.38* -0.52** -0.34}
AAT -0.38* -0.28 0.30 -0.29 0.30 -0.22 -0.15 -0.17 021 -0.15 -0.12 -0.16
RPAT -0.53**  -0.40* -0.37* -0.42* -0.09 -033f -022 -026 -0.07 -0.26 -0331 -0.18
OMAT -0.45* -0.37+  -0.41* -0.47** 0.06 -0.22  -0.23 -0.31f -0.02 -0.43* -0.39* -0.347
MAT 0.06 0.06 0.02 0.13 0.59** 0.02 0.06 0.13 0.42* 0.23 0.29 0.10

INEFA: non-esterified fatty acids, BHB: beta-hydroxybutyrate

P <0.1, *P <0.05, **P < 0.01, ***P < 0.001
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Figure 1. Relationship between energy balance (MJ NEL/d) in the fresh cow period (FCP; d7
— d28 postpartum) and average daily change (aDC, kg/d) of subcutaneous (SCAT; A) and
abdominal adipose mass (AAT; B) and between energy balance in early lactation period
(ELP, d28 — d70 postpartum) and aDC of SCAT (C) and AAT (D) in ELP. *P < 0.05, ***P <
0.001

Figure 2. Relationship between average daily change (aDC, kg/d) of subcutaneous (SCAT; A)
and abdominal adipose mass (AAT; B) in the fresh cow period (FCP; d7 — d28 postpartum)
and feed efficiency (energy corrected milk yield/dry matter intake; kg/kg) in FCP and
between aDC of SCAT (C) and AAT (D) in early lactation period (ELP, d28 — d70

postpartum) and feed efficiency in ELP. *P < 0.05, ***P < 0.001
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4 Effects of monensin on fat mobilization and performance of German
Holstein cows during the transition period and early lactation

Gy. Szura, C. Drong, C. Raschka, U. Meyer, D. von Soosten, G. Breves, S. Dénicke, J.
Rehage
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Abstract

Objective of this study was to investigate the possible effect of monensin on different fat
depots and their mobilization in Holstein dairy cows. Twenty-three pluriparous German
Holstein cows were selected according to their body condition and assigned to two groups,
low body condition group (LC, n = 7) and high body condition group (HC, n = 16). Cows in
HC group were subdivided into control (HC/C; N=8) and a monensin group (HC/MO; N=8)
By means of ultrasonography the mass (eDM) of subcutaneous (SCAT), retroperitoneal
(RPAT), omental (OMAT), mesenteric (MAT) and complete abdominal (AAT) adipose
depots at day (d) 7, 21 and 56 relative to parturition were assessed. Daily changes in depot
mass (aDC) were calculated for the fresh cow (d7 to d21) and early lactation period (d21 to
d56). Daily dry matter intake (DMI) was measured and blood samples were taken in
predetermined intervals during the trial period, as well as lactation performance parameters
were recorded after parturition. On average, abdominal adipose depot had 2 to 3 time greater
mass than the subcutaneous depot. Cows with high compared to low body condition had
higher depot masses and mobilized after parturition more fat from abdominal depots OMAT,
and MAT. No effect of monensin on dry matter and energy intake was found, but energy
balance was significantly more negative after parturition in monensin treated cows than in
HC/C cows. Monensin treatment revealed no effect on the eDM and aDC of fat depots and
blood concentrations of NEFA after parturition, which suggest that monensin has no direct
effect on mass of adipose depots and their mobilization. Regardless, cows treated with
monensin had lower B-hydroxybutyrate concentrations compared to untreated animals in
HC/C group. Overall, the results of this study show that monensin appears to have a specific
antiketogenic, but no antilipolytic effect, indicating a more efficient hepatic metabolism of

monensin treated dairy cows.
Introduction

The transition period of dairy cows starts approximately 3 weeks before parturition and ends 3
weeks after parturition (Garro et al., 2014). This is the time when cows transition from
pregnancy to milk production. The high energy demand of milk production and limited dry
matter intake (DMI) in early lactation lead to a negative energy balance (NEB) (Schulz et al.,
2014b). Fat is mobilized as non-esterified fatty acids (NEFA) from adipose tissue to
counterbalance the NEB (Gordon et al., 2013). When hepatic complete oxidation is reduced
due to shortage of oxaloacetate in the Krebs cycle NEFA are incompletely oxidized in

ketogenesis and hepatic release of ketone bodies, such as beta-hydroxybutyrate (BHB), is
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increased (Drackley, 1999, Duffield, 2000, Bobe et al., 2004). Subclinical ketosis, commonly
assumed when BHB blood level exceed 1.2 mmol/l, is a frequent metabolic health disorder
with a reported incidence of 20% to 40%, and as high as 60% in high yielding milk herds.
(Duffield et al., 1998b, McArt et al., 2012). Premature culling, reduced productivity and
reproduction performance and various health disorders such as mastitis, metritis and abomasal
displacement, occur frequently in cows with SCK (Suriyasathaporn et al., 2000, Duffield et
al., 2009, Abdelli et al., 2017)

The body condition of cows is usually determined by body condition scoring (BCS), a semi
quantitative estimation of subcutaneous fat depots (Edmonson et al., 1989). High BCS is seen
as a major risk factor for SCK (Gillund et al., 2001, Busato et al., 2002), although over-
conditioned and lean cows have a similar loss of BCS during the transition period (Pires et al.,
2013). The downside of body condition scoring is that only the subcutaneous fat depot
(SCAT) is considered. The abdominal fat (AAT) depots, comprised of retroperitoneal
(RPAT), omental (OMAT) and mesenteric (MAT) adipose tissues (Raschka et al., 2016), are
neglected. Previous reports had shown that dairy cattle accumulate more fat in the AAT,
which is especially true for over-conditioned cows (Wright and Russel, 1984, Drackley et al.,
2014, Raschka et al., 2016). Furthermore, a higher lipolytic activity in abdominal adipose
tissue than SCAT is suggested from results of molecular studies on adipose tissues (Locher et
al., 2011, Locher et al., 2012, Saremi et al., 2014), and from in vivo studies more fat
mobilization from AAT than SCAT after parturition is reported (von Soosten et al., 2011,
Drackley et al., 2014, Ruda et al., 2019).

Raschka et al. (2016) presented and validated recently a non-invasive method for
ultrasonographic measurement of fat depots in vivo that can be used to determine SCAT,
AAT, and abdominal subunit adipose depot (RPAT, OMAT, MAT) mass and its change with
sufficient accuracy. The authors reported a high correlation between the calculated and actual
slaughter masses of adipose depots (range of coefficients of determination: 0.84 < R < 0.98).
The method was used before in several studies (Ruda et al. (2019), Szura et al. submitted for

publication).

Monensin (MON) is an approved ionophore for prevention of ketosis in dairy cows. It
modulates the ruminal bacterial population by inhibiting gram-positive but not the gram-
negative bacteria, promoting ruminal propionate production, which is the main precursor for
gluconeogenesis (Duffield et al., 2008a). Previous studies have shown that MON controlled-

release capsule (CRC) reduce blood NEFA and BHB concentrations after calving
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(Kennerman et al., 2006, Melendez et al., 2007, Duffield et al., 2008a), and thereby the risk
for SCK (Duffield et al., 2008c). In a meta-analysis on MON Duffield et al. (2008b) reported
decreased DM, increased milk yield and improved milk production efficiency in dairy cows
after treatment with MON. However, there is very few information regarding the effect of
MON on fat depots and their mobilization (Meinert et al., 1992).

The objective of this study was to determine potential effects of monensin on lipid
mobilization from subcutaneous and abdominal adipose tissue by means of ultrasonography in

high yielding German Holstein dairy cows in the transition period.
Materials and Methods

The study was carried out at the experimental station of the Friedrich-Loeffler-Institute,
Braunschweig, Germany. The study was approved by the Animal Welfare Council of the
Lower Saxony State Office for Consumer Protection and Food Safety (LAVES), Oldenburg,
Germany (reference number: 33.14-42502-04-11/0444).

Animals, study design and feeding

The data set of this study was retrieved from a study presented before by Drong et al. (2015).
The authors give detailed description of the study design, housing, feeding, collection of
samples, analytical procedures and recording of performance data, as well as their further
processing. Briefly, an experimental feeding model was used (Schulz et al., 2014b) to favor a
ketogenic metabolic state in experimental dairy cows. Sixty German Holstein cows were
selected according to their body condition, performance and body weight in previous lactation
were taken into consideration. Cows were allocated to two experimental groups, using BCS as
main criterion. Fifteen cows with low BCS formed the low body condition group (LC),
representing a positive control. The remaining 45 cows were assigned to high body condition
(HC) group and were subdivided in negative control (HC/C), and two treatment groups,
receiving either monensin (HC/MO) or a mix of essential oils (HC/EO). The experimental

period started 6 weeks before expected parturition and continued until day 56 after calving.

Antepartum (a.p.), the cows in LC group were fed an energy-adequate diet with 20%
concentrate. Whereas the cows in HC groups were fed according the nutritional regime
devised by (Schulz et al., 2014b) to elicit increased fat anabolism before calving and
mobilization post calving. This ration contained 60% concentrate antepartum, which led to
energy oversupply. After calving, all cows received a standardized total mixed ration (TMR)
with 30% concentrate, which subsequently was raised to 50% until d21 postpartum (p.p.).

Cows were fed ad libitum TMR from automated self-feeding stations (type RIC; Insentec
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B.V., Marknesse, The Netherlands) during the trial. Additionally, cows were provided with
concentrate by an automated concentrate feeding station (Insentec, B.V.).

The HC/MO group was administered a monensin controlled release capsule (CRC, Kexxtone,
Elanco, Bad Homburg, Germany) on day 21 before calving supposed to release a steady
supply of 335 mg monensin per day for a period of 95 days. The HC/EO animals received an
essential oils mixture (CRINA ruminants, DSM, Basel, Switzerland) from d-21 a.p. with a
goal to supply each cow with 1 gram of EO per day.

Performance data, sample collection and analysis

All methods are described in detail in Drong et al. (2015). In short, BCS was determined by
using the 5-point scale (Edmonson et al., 1989) and was done by the same experienced
researcher. Body weight was measured once a week before parturition and postpartum after

each milking until day 56.

Milking of cows was done twice a day at 0530 and 1530. Milk yield was recorded automated
milk counters (Lemmer Fullwood GmbH, Lohmar, Germany). Milk samples were collected
twice a week and were analyzed by using an infrared milk analyser (Milkoscan FT 6000; Foss

Electric, Hillergd, Denmark).

Blood samples were taken from the coccygeal vein on d-42, -14, -7, -3,1, 7, 14, 21, 28, 35, 42
and 56 relative to parturition for analysis of non-esterified fatty acids (NEFA), beta-
hydroxybutyrate (BHB), and glucose in serum by an automated photometric system
(Eurolyser VET CCA, Salzburg, Austria).

Samples of the TMR and concentrate collected twice and once weekly, respectively, were
pooled for 4 week periods to a collective sample and analyzed (dry matter, crude ash, crude
protein, ether extract, crude fiber, and NDF) according to the recommendations of German
Agricultural Analysis and Research Centres (VDLUFA, 1993).

Selection of cows and measurement of fat depots

To evaluate the adipose tissue masses sonographic measurements of subcutaneous and
retroperitoneal fat were performed according to Raschka et al. (2016) on eight cows from
each group at d-21, 7, 21 and 56 relative to calving, which are presented here. An ultrasound
device (Toshiba SSA-370A PowerVision 6000, Toshiba Medical Systems, Neuss, Germany)
was used for transcutaneous ultrasonography. It was equipped with a 6 to 12 MHz (PLN-
805AT) linear probe and a 2 to 7 MHz (PVM-375AT; both from Toshiba Medical Systems,

Neuss, Germany) convex array transducer. Before measurements, cows were clipped on the

69



4. Publication Il

right side in the examination area and conductive gel was applied. All measurements were
performed in duplicate without applying pressure to avoid bias. Means of the two
measurements were calculated and used for statistical analyses. The detailed description of

measurement points and technique are presented elsewhere (Raschka et al., 2016).
Calculations and statistical analysis

Performance parameters dry matter intake (DMI), energy intake (EI), energy balance (EB),
milk yield, and milk components were reduced to weekly means before statistical analysis.
Equations used to calculate the El, EB, fat corrected milk yield (FCM), energy corrected milk
yield (ECM) and feed efficiency (FE; kg/kg; FE=ECM/DMI) are presented by Drong et al.
(2015). The data of performance parameters were pooled together for four periods (1: d-42
until d-14; 2: d-14 until calving; 3: d1 until d21 and 4: d21 until d56 relative to parturition)
and their means in each period were used for statistical analysis. Lactation data were pooled,
as well (corresponding to period 3 and 4 of performance parameters). Only data of cows that
were included into ultrasonographic measurements of fat depots were used for statistical
calculations. Since no significant effects of EO on energy status and performance were found

(Drong et al., 2015), the data of HC/EO group was removed from analysis.

Measurements taken during ultrasonography were used to calculate the adipose depot masses
according to regressions devised by Raschka et al. (2016) (SCAT = —6.66 + 0.72 x R12 +
0.31 x AW3c; AAT =-39.5 +1.02 x R12 + 0.92 x AW1b + 0.25 x KD2¢; RPAT = -9.55 +
0.62 x R12 + 0.06 x KD3b; OMAT =-2.32 + 0.55 x BFT + 0.37 x AW3b and MAT =—-12.8
+0.38 x AW1b + 1.73 x AW3b — 1.45 x AW3c + 0.07 x KD2c¢). However, the data recorded
from the prepartal period were excluded from analysis for technical reasons. Daily changes of
depot mass (aDC; kg/d) were calculated for the fresh cow (FCP; d7 — d21 relative to
parturition), and early lactation (ELP; d21 — d56) period. The calculations were done by
dividing the difference of estimated depot mass (eDM) at the end and beginning of each
period by the number of the actual days of that timespan (aDC FCP = (eDM d21 — eDM
d7)/d, aDC ELP = (eDM d56— eDM d21)/d).

Statistical evaluation was performed using the software package of SAS v. 9.3 (SAS Institute
Inc., Cary, NC, USA). For analyses the mixed procedure for repeated measurements was used
(Proc MIXED) (Littell et al., 1998) in either compound symmetry or ante-dependence
covariate structure determined by the Akaike’s information criterion (AIC). Additionally,
multiple comparisons of means by Tukey’s post-hoc test were performed. The model

contained the group (LC or HC), the experimental treatment within the condition (no
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treatment or MO) and time as fixed effects, as well as the interactions condition x time and
treatment within the condition x time. The cow within treatment was considered as a random
effect. Repeated measures were the day or period of sample collection. The animal identifier
was used as SUBJECT option within the REPEATED statement. Effects were declared as a
trend when p-values were between 0.05 and 0.10 and significant when p-values were < 0.05.
The presented results are Least Square Means = Standard error of means (SEM) unless stated

otherwise.
Results
Basic data

Of 24 cows, 23 animals finished the trial. One cow was excluded, as a result of illness not
associated with experimental treatment. The LC group contained seven cows with BCS of
3.00 £ 0.33 (mean = SD) and parity 2.1 + 1.0 at the beginning of the trial. The HC/C and
HC/MO group consisted of eight animals each with BCS of 3.78 + 0.40 and 3.72 + 0.36, as
well as parity 2.4 + 1.6 and 2.4 + 1.1, respectively.

Fat depots

The estimated depot mass of SCAT (time effect: p < 0.001) and AAT (time effect: p = 0.001)
decreased with ongoing lactation (Table 1). The mean eDM of AAT was lower in LC than in
HC groups (condition effect: p = 0.006). Condition, supplement and their interactions with
time had no other effects on eDM of SCAT and AAT. Cows lost on average more depot mass
of SCAT (time effect: p = 0.002) and AAT (time effect: p < 0.001) in the fresh cow period
than in early lactation. Group, supplement, group x time and supplement x time had no effect
on aDC of SCAT and AAT.

The mean depot mass of AAT subunits RPAT, OMAT and MAT decreased after calving
(time effect: p < 0.001; Table 2). A significant supplement x time effect (p = 0.042) was
found for eDM of RPAT. In HC/MO group the postpartal mean loss of RPAT was greater
than in HC/C cows. Cows in LC group had lower mean eDM of OMAT (condition effect: p =
0.022) and MAT (group effect: p = 0.047) than cows in the HC groups. The daily change of
RPAT, OMAT and MAT decreased between the fresh cow and early lactation period (time
effect: p = 0.05, 0.012 and 0.003, respectively). The LC group tended to mobilize less fat
from OMAT (condition effect: p = 0.07) than the HC groups. The HC groups tended to have a
greater decrease in aDC of MAT than the LC cows (condition x time effect: p = 0.08). The
results showed no further effects of condition, supplement and their interaction with time on
RPAT, OMAT and MAT.
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Performance parameters

Results revealed significant time effects (p < 0.01) for DMI, El and EB before and after
calving, and after calving for body weight, BCS (Table 3). No further statistical effects were
found for BW before and after calving. BCS was a.p. (condition effect: p<0.001) and p.p.
(p=0.054) higher in the HC groups than the LC group. For BCS a.p. also a time x supplement
effect (p=0.014) and p.p. a time x condition effect (p=0.022) was seen. In contrast to HC/C
cows, cows of HC/MO group increased slightly mean BCS during the dry period. After
parturition over-conditioned cows (HC groups) decreased in mean BCS more than cows of
LC. Mean DMI (condition effect: p=0.06) and EB (p=0.06) tended to be higher in HC than
LC cows, but mean EI was significantly higher in HC cows (p=0.023). After parturition mean
DMI (condition effect: p=0.016) and EB (p=0.012) were significantly lower in HC compared
to LC cows. By trend, monensin treatment resulted in more negative energy balance in
HC/MO than HC/C cows (supplement effect: p=0.061). Results revealed no further group x

time or supplement x time effects for any parameter.
Milk yield and composition

Time had a significant effect on all lactation parameters (p < 0.05; Table 4). Milk yield
increased in all groups and was higher in LC group than HC groups (condition effect: p =
0.037). By trend, the HC groups had lower 4% fat-corrected (condition effect: p = 0.07) and
energy corrected milk yield (p = 0.06). Feed efficiency was significantly higher in monensin
treated cows of HC/MO compared to HC/C (supplement effect: p=0.012), though latter this

difference tended to disappear (supplement x time effect: p = 0.08).
Blood parameters

Mean levels of NEFA increased during the dry period (time effect: p = 0.003; Table 5). Time,
group, supplement and their interactions had no further effects on NEFA and BHB
concentrations before parturition. After calving the mean NEFA levels decreased (time effect:
p < 0.001) and the HC groups had higher NEFA levels compared to LC group (condition
effect: p = 0.036). Mean BHB levels in blood increase until d28 postpartum and then
decreased (time effect: p = 0.025), especially in the groups not receiving monensin
(supplement x time effect: p = 0.05). Cows in HC/C groups had higher mean BHB levels than
the HC/MO group (supplement effect: p = 0.012). Condition, supplement and their interaction
with time had no other effect on NEFA and BHB levels.

Ketosis
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The incidence of subclinical ketosis (BHB > 1.2 mmol/l) was 42.7% in LC, 50%in HC/C and
12.5% in HC/MO group (HC/C vs. HC/MO: p < 0.05).

Discussion

Results of the current study are from a subset of cows used to study the effects of monensin
on performance, ruminal fermentation and energy metabolism. Results from the complete data
set are presented and discussed in detail before (Drong et al., 2015). Here the effects of
monensin on postpartal lipomobilization are presented from those cows sonographically
investigated on eDM of subcutaneous and abdominal adipose tissues (RPAT, OMAT, and
MAT). From the complete data set selected performance parameter are presented and
discussed only in so far to demonstrate the representativeness of the data subset for the
complete study in this regard, and as it appears useful for discussion of results.

A model (high BCS and overfeeding in the dry period, and low energy supply in the early p.p.
period) according to Schulz et al. (2014b) was used to induce a ketogenic metabolic status in
cow of HC groups. High body condition is a major risk factor for postpartal excessive
lipogenesis and SCK (Roche et al., 2009). Due to selection of cows, the significant difference
in BCS between HC cows and LC cows at study start was not surprising. However, the
significantly higher BCS in HC cows compared to LC cows was not reflected in BW. This
observation supports Roche et al. (2009) that BW is a poor indicator of fat reserves.
Assessment of BW is biased by fill of the gastrointestinal tract and time since last feeding,
and during the dry period by weight of the fetus and its adnexa (Ingvartsen and Andersen,
2000, Berry et al., 2007, Roche et al., 2007b, Roche et al., 2009).

In this subset as in the complete study (Drong et al., 2015) monensin showed a decreasing
effect on blood BHB concentrations in over-conditioned cows after parturition, although
DMI, and EI did not differ and EB was significantly even more negative than in HC control
cows. Furthermore, the incidence of SCK after parturition was significantly lower in
monensin treated cows than in HC/C cows. This observation is in accordance with results of a
meta-analysis on the effects of monensin (Duffield et al., 2008a) on blood ketone body
concentrations, in particular in over-conditioned cows as in this study. The lack of MO effect
on DMI was also noted in earlier publications (Green et al., 1999, Karcher et al., 2007), while
Petersson-Wolfe et al. (2007) found a trend for even lower p.p. DMI in MON treated cows.
Monensin revealed also no effect on postpartal blood concentrations of NEFA, the precursor
for hepatic ketogenesis (Drackley, 1999). Blood NEFA concentrations are commonly seen as

indicator for lipolysis from adipose tissues (LeBlanc, 2010). However, blood concentrations
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are a function of release of NEFA from adipose tissues and their utilization by the liver and
peripheral tissues. NEFA from abdominal fat depots are drained via the portal vein directly to
the liver, are used there for complete oxidation, ketogenesis or are re-esterified to
triglycerides, which are stored in the liver or released as lipoproteins into the circulation
(Drackley, 1999, Reynolds et al., 2003). Accordingly, the NEFA from abdominal fat depots
may not occur in peripheral blood and therefore blood concentrations of NEFA may reflect
only poorly general lipolysis in adipose tissues. Additionally, Pires et al. (2013) assumed that
internal fat depots might be more important for mobilization and development SCK than
subcutaneous fat. For this reason, mobilization of fat depot mass was estimated quantitatively
by means of sonography according to Raschka et al. (2016). The technique gives not only an
indication for fat mobilization from subcutaneous adipose tissues, like BCS or assessment of
BFT (Schroder and Staufenbiel, 2006, Roche et al., 2009), but allows to quantify the amount
of fat that is mobilized from subcutaneous and abdominal depots. The technique was used
before to quantify the dynamics of fat mobilization from various adipose depots in transition
cows (Ruda et al. (2019); Szura et al. submitted for publication).

The ionophore monensin acts on the ruminal bacterial population via inhibition of gram-
positive and thereby promoting growth of gram-negative bacteria, thus increasing propionate
production, as it was also reported by Drong et al. (2016). Propionate is the main precursor for
gluconeogenesis (Ipharraguerre and Clark, 2003, Duffield et al., 2008a). De novo synthesis of
glucose in the liver of cows is important process to supply energy, as its requirement increases
with the onset of lactation (Bell, 1995). Thus, it could be expected that MON can increase the
plasma levels of glucose by providing more substrate for glucose production. However, no
such effect was found, as glucose concentration in blood was not affected during the study
(data not presented here). Similar results were reported in earlier studies (Karcher et al., 2007,
Melendez et al., 2007, Petersson-Wolfe et al., 2007). The lack of effect may be a consequence
of tight homeorhetic control of glucose levels (LeBlanc, 2010). Glucose is a main stimulus for
release of insulin from the pancreas (Hayirli, 2006) which has antilipolytic properties. Insulin
was not measured in this study, but the lack of monensin effects on glucose gives no

indication for increased insulin blood level potentially causing antilipolytic effects.

To counteract NEB, fat is mobilized from adipose tissues (Gordon et al., 2013). One
possibility to control the changes in fat depots is to use body condition scoring (Edmonson et
al., 1989). However, MON did not affect the BCS after parturition. Earlier studies had similar
findings (Green et al., 1999, Arieli et al., 2008). The absence of MON effect on BCS could be

associated with the low sensitivity of BCS assessment. However, also results of the

74



4. Publication Il

sonographic examination of fat depots revealed after parturition no effects of monensin on
eDM of SCAT, AAT, OMAT and MAT. Furthermore, aDC of depots did not differ
significantly between groups. It even appeared that postpartum from the abdominal subunit
depot RPAT more fat was mobilized in HC cows treated with monensin compared to HC/C.
This indicates that from all depots, SCAT, AAT and its subunit depots, similar amounts of fat
were released in all groups and that therefore a reduced mobilization of fat from subcutaneous
or abdominal depots does not explain, why cows treated with monensin are less susceptible to
SCK. Meinert et al. (1992) examined the body composition of Holstein heifers that were fed
MON and found no MON effect on empty body fat, as well.

As reported before (von Soosten et al., 2011, Drackley et al., 2014, Raschka et al., 2016, Ruda
et al., 2019) dairy cows store about 2 — 3 times more fat in abdominal adipose depots than in
SCAT and mobilize after parturition during NEB about 2-3 times more fat from abdominal
depots, especially in over-conditioned cows. Depot mass of SCAT and abdominal depots and
their dynamic changes after parturition were also numerically in good accordance with Ruda
et al. (2019) and Szura et al. (2019, submitted for publication).

During the lipolysis fat is mobilized as NEFA (Grummer, 1993). Close to calving, the plasma
NEFA levels increase and peak in the first two weeks after parturition (Adewuyi et al., 2005),
as was the case in our study. Monensin had no effect on the NEFA blood concentrations after
calving, which is in agreement with the results of other authors (Petersson-Wolfe et al., 2007,

Arieli et al., 2008). This observation supports that MON had no effect on lipolysis.

From a practical point of view, use of monensin as CRC offers a possibility to reduce not only
the SCK, but also the economic losses accompanying it, since the estimated average cost of
this disorder in Europe is €257/cow with SCK (Raboisson et al., 2015). One of the factors
contributing to the high cost of SCK is the dairy production loss as the affected cows have
lower milk yield (McArt et al., 2015). Recent studies by Melendez et al. (2007) and Arieli et
al. (2008) showed that MON CRC increased milk yield, thus increasing the profitability of
dairy production. Furthermore, the meta-analysis by Duffield et al. (2008b) summarizing the
results of 36 papers, found that cows treated with MON had 2% higher milk yield. In the
present study on the other hand, MON had no effect on milk yield, consistent with findings of
other authors (Green et al., 1999, Zahra et al., 2006). However, in the high condition group,
cows with MON CRC had numerically higher milk yield compared to untreated cows. This
suggests that in cows with high BCS monensin could potentially increase the milk yield as
described by Duffield et al. (1999).
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The 4% fat corrected and energy corrected milk yield were not affected by the MON
treatment, in agreement with reports of Vallimont et al. (2001) and McCarthy et al. (2015a),
even though they used MON as pellet and top-dress, respectively. Otherwise, the efficiency of
milk production was significantly higher in the HC/MO group in the first three weeks after
calving. This effect was present despite MON having no effect on ECM or DMI. Contrary to
our results, McCarthy et al. (2015a) reported a trend for MON treated animals to have lower
efficiency in the first three weeks of lactation than the untreated cows.

Conclusion

Monensin reduced significantly blood concentrations of BHB and the incidence of ketosis
after parturition in over-conditioned German Holstein dairy cows compared to control cows
without affecting DMI and energy intake. Energy balance was even more negative in
monensin treated cows than in controls. No indications were found by blood NEFA
concentrations and the mass of fat mobilized from subcutaneous and abdominal adipose
tissues for reduced lipolysis in monensin treated cows. Since monensin revealed an
antiketogenic but no antilipolytic effect in treated cows, it appears possible that hepatic
metabolism of NEFA is shifted from ketogenesis to complete oxidation in the Krebs cycle due
to improved availability of propionate from ruminal fermentation or that BHB is used in

peripheral tissues more intensively.
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Table 1. Sonographically estimated average depot mass (eDM) of subcutaneous (SCAT) and total abdominal (AAT) adipose tissue during the transition period (day relative to
parturition) and average daily change in adipose mass (aDC) during the fresh cow (FCP, d7 — d21) and early lactation period (ELP, d21 — d56) of estimated depot mass in
German Holstein cows. Low BCS (LC; N = 7) cows’ diet contained 20% concentrate; high BCS (HC/C; N = 8 and HC/MO; N = 8) cows’ diet contained 60% concentrate
before calving. After calving, the proportion of concentrate in the diet was increased from 30% to 50% (LC: within 2 weeks; HC groups: within 3 weeks). HC/MO group was
administered a monensin controlled-release capsule 3 weeks before expected calving. Values are least square means and standard error of means (SEM)

Parameter Depot Group Day P-value
7 21 56 Time Cond Supp(Cond) Time x Cond Time x Supp(Cond)
eDM SCAT LC 126 950 6.60 <0.001 0.12 0.60 0.73 0.22
(k) HC/C 164 121 108
HC/MO 165 12.0 7.40
SEM 220 180 1.30
AAT LC 388 30.1 20.7 0.001 0.006 0.26 0.88 0.69
HC/C 53.8 385 350
HC/MO 489 383 26.3
SEM 510 530 5.10
Period
FCP ELP
abC SCAT LC -0.17  -0.07 0.002 0.28 0.76 0.22 0.31
(kg/d) HC/C -0.32  -0.04
HC/MO -0.29 -0.12
SEM 0.07 0.05
AAT LC -0.60 -0.27 <0.001 0.24 0.74 0.13 0.18
HC/C -1.12  -0.15
HC/MO -0.85 -0.31

SEM 016 0.14
ABC Corresponding means within column with different superscripts differ (p < 0.05). Bold means within row differ from baseline within group (p < 0.05).
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Table 2. Sonographically estimated average depot mass (eDM) of subcutaneous (SCAT) and total abdominal (AAT) adipose tissue during the transition period (day relative to
parturition) and average daily change in adipose mass (aDC) during the fresh cow (FCP, d7 — d21) and early lactation period (ELP, d21 — d56) of estimated depot mass in
German Holstein cows. Low BCS (LC; N = 7) cows’ diet contained 20% concentrate; high BCS (HC/C; N = 8 and HC/MO; N = 8) cows’ diet contained 60% concentrate
before calving. After calving, the proportion of concentrate in the diet was increased from 30% to 50% (LC: within 2 weeks; HC groups: within 3 weeks). HC/MO group was
administered a monensin controlled-release capsule 3 weeks before expected calving. Values are least square means and standard error of means (SEM)

Parameter Depot  Group Day P-value
7 21 56 Time Cond Supp(Cond) Time x Cond Time x Supp(Cond)
eDM RPAT LC 9.10 6.70 490 <0.001 0.14 0.91 0.62 0.042
(k) HC/C 116 810 7.50
HC/MO 122 9.60 4.90
SEM 130 130 1.30
OMAT LC 112 910 6.90 <0.001 0.022 0.75 0.15 0.91
HC/C 156 122 9.00
HC/MO 155 120 8.20
SEM 150 130 0.90
MAT LC 127 990 6.00 <0.001 0.047 0.35 0.22 0.64
HC/C 186 127 115
HC/MO 164 118 8.80
SEM 170 170 170
Period
FCP ELP
aDC RPAT LC -0.14 -0.05 0.05 0.42 0.92 0.71 0.17
(kg/d) HC/C -0.25 -0.02
HC/MO -0.16  -0.12
SEM 0.06 0.05
OMAT LC -0.12 -0.05 0.012 0.07 0.97 0.36 0.83
HC/C -0.24  -0.09
HC/MO -0.23  -0.10
SEM 0.05 0.03
MAT LC -0.19 -0.12 0.003 0.17 0.45 0.08 0.44
HC/C -0.43  -0.06
HC/MO -0.33  -0.08
SEM 0.07 0.05

ABC Corresponding means within column with different superscripts differ (p < 0.05). Bold means within row differ from baseline within group (p < 0.05).
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Table 3. Body condition score (BCS), body weight (BW), dry matter intake (DMI), energy intake (EI) and net energy balance (EB) in German Holstein cows during the
antepartum (a.p.: day — 42 — day — 3 relative to parturition) and postpartum (p.p.: day 1 — day 56 relative to parturition) period. Low BCS (LC; N = 7) cows’ diet contained
20% concentrate; high BCS (HC/C; N = 8 and HC/MO; N = 8) cows’ diet contained 60% concentrate before calving. After calving, the proportion of concentrate in the diet
was increased from 30% to 50% (LC: within 2 weeks; HC groups: within 3 weeks). HC/MO group was administered a monensin controlled-release capsule 3 weeks before
expected calving. Values are least square means and standard error of means (SEM)

Parameter  Group Period P-value
d-42 until d -14 d -14 until calving Time Cond  Supp(Cond) Time x Cond Time x Supp(Cond)
BCS a.p. LC 2,974 3.034 0.42 <0.001 0.70 0.74 0.014
HC/C 3.968 3.828
HC/MO 3.878 4.068
SEM 0.14 0.14
BW a.p. LC 759 759 0.76 0.33 0.76 0.79 0.19
(kg) HC/C 800 783
HC/MO 779 785
SEM 213 22.3
DMI a.p. LC 13.8 12.1 0.008  0.06 0.30 0.38 0.52
(kg/d) HC/C 16.0 13.2
HC/MO 18.1 13.9
SEM 1.28 1.28
El a.p. LC 83.0 72.1 0.009 0.023 0.20 0.28 0.65
(MJ NEL/d) HC/C 106 83.2
HC/MO 125 93.9
SEM 9.78 9.78
EB a.p. LC 40.2 344 0.001  0.06 0.41 0.18 0.16
(MJ NEL/d) HC/C 69.9 44.3
HC/MO 78.1 50.9
SEM 127 15.7
d 1 until d 21 d 21 until d 56
BCS p.p. LC 2.77A 2.67 <0.001 0.054 0.21 0.022 0.81
HC/C 3.458 3.00
HC/MO 3.2178 2.71
SEM 0.15 0.15
BW p.p. LC 655 626 <0.001 0.26 0.54 0.13 0.40
(kg) HC/C 640 599
HC/MO 627 576
SEM 19.2 19.2
DMl p.p. LC 15.3 17.9 <0.001 0.016 0.52 0.18 0.49
(kg/d) HC/C 11.6 155
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HC/MO 10.2

SEM 121

El p.p. LC 103
(MJNEL/d) HC/IC 75.4
HC/MO 69.0

SEM 7.88
EB p.p. LC -45.3
(MJNEL/d) HCIC -335
HC/MO -59.0

SEM 6.98

15.0

121

119 <0.001 0.012 0.62 0.16 0.77
102

98.8

7.88

-26.9 <0.001 0.82 0.061 0.44 0.052
-18.1

-25.9

6.37

ABC Corresponding means within column with different superscripts differ (p < 0.05). Bold means within row differ from baseline within group (p < 0.05).
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Table 4. Lactation parameters of German Holstein cows during the postpartum (day 1 — day 56 relative to parturition) period. Low BCS (LC; N = 7) cows’ diet contained 20%
concentrate; high BCS (HC/C; N = 8 and HC/MO; N = 8) cows’ diet contained 60% concentrate before calving. After calving, the proportion of concentrate in the diet was
increased from 30% to 50% (LC: within 2 weeks; HC groups: within 3 weeks). HC/MO group was administered a monensin controlled-release capsule 3 weeks before
expected calving. Values are least square means and standard error of means (SEM)

Parameter Group Period P-value
dluntild2l d2luntild56 Time Cond Supp(Cond) Time x Cond Time x Supp(Cond)
Milk yield LC 33.9 36.0 0.018 0.037 0.25 0.80 0.90
(kg/d) HC/C 25.9 27.7
HC/MO 29.6 31.3
SEM 2.28 2.26
Milk fat content LC 5.15 4.23 <0.001 0.86 0.52 0.82 0.16
(%) HC/C 4.98 4.50
HC/MO 5.11 3.94
SEM 0.31 0.28
4% fat-corrected milk (FCM) LC 41.3 374 0.044  0.07 057 0.37 0.57
(kg/d) HC/C 311 30.2
HC/MO 35.0 314
SEM 3.26 3.14
Energy-corrected milk (ECM) LC 40.3 35.9 0.015 0.06 0.53 0.49 0.38
(kg/d) HC/C 29.9 28.6
HC/MO 33.8 30.0
SEM 3.07 2.95
Efficiency LC 2.28 2.00 0.007 0.41 0.012 0.28 0.08
(kg ECM/kg DMI) HC/C 2.24 1.86
HC/MO 3.15 2.01
SEM 0.22 0.20

ABC Corresponding means within column with different superscripts differ (p < 0.05). Bold means within row differ from baseline within group (p < 0.05).
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Table 5. Concentrations of non-esterified fatty acids (NEFA), B-hydroxybutyrate (BHB) and glucose in German Holstein cows during the antepartum (a.p.: day — 42 — day — 3
relative to parturition) and postpartum (p.p.: day 1 — day 56 relative to parturition) period. Low BCS (LC; N = 7) cows’ diet contained 20% concentrate; high BCS (HC/C; N
= 8 and HC/MO; N = 8) cows’ diet contained 60% concentrate before calving. After calving, the proportion of concentrate in the diet was increased from 30% to 50% (LC:
within 2 weeks; HC groups: within 3 weeks). HC/MO group was administered a monensin controlled-release capsule 3 weeks before expected calving. Values are least square
means and standard error of means (SEM)

Parameter  Group Day P-value
-42 14 -7 -3 Time Cond Supp(Cond) Time x Cond Time x Supp(Cond)
NEFAap. LC 020 025 0.28 0.41 0.003 031 0.14 0.25 0.56
(mmol/l) HC/C 0.29 0.28 0.44 0.47
HC/MO 021 025 0.35 0.36
SEM 0.03 0.03 0.06 0.07
BHBa.p. LC 0.60 0.66 0.68 0.70 0.55 0.65 0.89 0.77 0.30
(mmol/l) HC/C 0.66 0.74 0.64 0.66
HC/MO 0.68 0.67 0.67 0.71
SEM 0.07 0.07 0.07 0.07
1 7 14 21 28 35 42 56
NEFAp.p. LC 0.72 084 068 059 042 053 036 0.32 <0.001 0.036 0.76 0.61 0.42
(mmol/l) HC/C 0.84 127 069 065 059 0.72 065 0.44
HC/MO 1.04 1.00 081 0.66 0.61 0.69 0.47 0.37
SEM 0.14 0.15 0.11 0.11 0.10 0.08 0.11 0.08
BHBp.p. LC 1.04 141 095 125 140 0.88 0.83 0.83 0.025 0.82 0.012 0.26 0.05
(mmol/l) HC/C 089 230 232 104 128 159 130 0096
HC/MO 082 128 100 0.71 0.67 0.62 057 0.67
SEM 0.13 033 037 039 055 045 044 0.09

ABC Corresponding means within column with different superscripts differ (p < 0.05). Bold means within row differ from baseline within group (p < 0.05).
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5. Discussion and Perspectives

5 Discussion and Perspectives

Body weight and body condition score are usually used to assess the condition, thus the
energy reserves of the cows. However, BW is influenced by many factors (e.g. parity,
lactation, feeding and breed), consequently, is not a good indicator of energy stores (Roche et
al., 2013). BCS is a more reliable method to control the body reserves, as it is better related to
the actual adipose depot weights (Waltner et al., 1994). The downside of BCS scoring that it
can account only for subcutaneous fat, the visceral adipose depot cannot be assessed by this
method (Roche et al., 2013). Rastani et al. (2001) and Pires et al. (2013) hypothesized that
visceral fat depots are more relevant to mobilization of adipose reserves of dairy cattle. Thus,
a more precise way to determine the energy reserves of the dairy cows is required. In the field
of veterinary medicine and research ultrasonography is used routinely to determine fat
reserves and carcass quality in beef cattle (Kim et al., 1998, Ribeiro and Tedeschi, 2012),
goats (Teixeira et al., 2008, Peres et al., 2010) and sheep (Peres et al., 2010, Ripoll et al.,
2010). However, in case of dairy cattle the use of this technic is not common to analyze fat
deposits. Schroder and Staufenbiel (2006) already recommended using the ultrasonographic
measurement of back fat thickness as a better parameter for assessing the condition of the
cows, as 1 mm change in BFT represented approximately 5 kg gain or loss of body fat. In an
earlier paper, Staufenbiel and Schroder (2004) reported an average loss of 14 mm of BFT
(equivalent to 70 kg body fat) in the first 50 days in milk, after evaluating more than 36,000
USG measurements. Hussein et al. (2013) substantiated the earlier findings by establishing a
high correlation (r = 0.96-0.98) between BCS and BFT. In the light of these findings Raschka
et al. (2016) developed an ultrasonography-based method to monitor and quantify the
subcutaneous and abdominal fat depots, especially in transition dairy cows. The authors found
that the new method made it possible to assess the mass of different fat depots with sufficient
accuracy, and to control the dynamics of adipose tissue over time in a noninvasive way.
Furthermore, it was established that more fat was mobilized from AAT in comparison to
SCAT during the fresh cow period, as the mass of SCAT and AAT decreased on average by
5.5 kg and 19.8 kg, respectively. However, the low number of animals used (N=12) in that

study necessitated further studies to check the validity of the method.

Since then, the method developed by Raschka et al. (2016) was used in other studies. Schéfers
et al. (2017) used ultrasonography to investigate the effects of conjugated linoleic acid (CLA)

and vitamin E on fat mobilization of dairy cows in transition period and early lactation. The
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examined fat depots were SCAT, RPAT, OMAT and MAT. It was determined that both feed
additives (CLA and vitamin E) had no effect on the adipose depots and their mobilization.

In a study of Ruda et al. (2019) the USG was implemented to estimate the mass of adipose
tissue depots, as well as the gain and loss of the depot mass from dry period to early lactation.
They found that the mass of the fat depots increased during the dry period as a consequence of
positive energy balance. The absolute mass of SCAT increased from about 16 kg to 19 kg and
AAT mass from about 41 kg to 52 kg. However, the relative change in mass of depots
indicated no difference in increase during the dry period. On the other hand, the mass of the
depots decreased during early lactation with onset of milk production and negative EB, from
19 kg to 11 kg and from 52 kg to 28 kg for SCAT and AAT, respectively. No differences in
mass of abdominal subunits were found. The AAT had a greater loss of weight in the fresh
cow period (0.8 kg/ day) compared to SCAT (0.3 kg/day), supporting the hypothesis that
more fat is mobilized in times of NEB from AAT. Additionally, RPAT, OMAT and MAT had
comparable levels of lipomobilization, indicating that AAT as a whole has a higher intrinsic
lipolytic activity. The authors conclude that the quantity and greater lipolytic activity of AAT
should be taken into account, to better evaluate the condition of dairy cows, as well as that
further studies are needed to analyze the effects of RPAT, OMAT and MAT separately.

This thesis is a continuation of earlier studies and was aimed to evaluate the fat metabolism of
dairy cows with higher and lower body condition during the transition period and early

lactation, especially taking into consideration the different adipose depots.

Ultrasonographic measurement of different adipose tissue depots showed that by the end of
the dry period the mass of SCAT and AAT was about 19 and 50 kg, respectively. von Soosten
et al. (2011) and Raschka et al. (2016) reported similar findings for AAT and SCAT relation,
based on carcass analysis of dairy cows in transition period. However, von Soosten et al.
(2011) found that AAT had a three to four time greater mass than SCAT, compared to our
finding of being only two to three times as heavy. Our finding was more akin to Raschka et al.
(2016) and Ruda et al. (2019), and could be explained by the fact that in present study
multiparous cows were used, whereas von Soosten et al. (2011) had primiparous animals. The
abdominal subunits OMAT and MAT had greater mass compared to RPAT. Drackley et al.
(2014) had similar results regarding the mass of internal depots. However, in that study
nonpregnant and nonlactating cows were used and no statistics were presented to describe the
differences. von Soosten et al. (2011) examined the internal subunits and the OMAT had

greater mass than RPAT and MAT, but this was a numerical difference, as statistical analysis
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was not provided. On the other hand, the RPAT, OMAT and MAT had similar mass in the
study by Ruda et al. (2019). However, the differences in design and protocols of studies make
comparison and interpretation of results difficult.

The average daily increase of depot mass was greater in AAT compared to SCAT during the
dry period. However, we found no difference in relative daily change between these depots
(data not presented), meaning the dissimilarity in average daily gain stem from AAT being
proportionally bigger than SCAT. In addition, the internal depots did not differ in absolute
and relative daily gain, even though numerically OMAT (0.15 kg/d) had greater daily increase
compared to RPAT and MAT (both 0.07 kg/d).

Earlier studies hypothesized that in case of dairy cows, the lipomobilization from abdominal
adipose depots play greater role compared to subcutaneous depot (Rastani et al., 2001, Pires et
al., 2013). The hypothesis was based on the differences found between indicators of fat
mobilization (NEFA and BHB) and observed changes of SCAT. Our results support this
hypothesis, as more fat was mobilized from the AAT compared to SCAT, especially during
the fresh cow period. However, the internal fat depots contributed unevenly to mobilization
during this period, as OMAT had the biggest average daily change in mass. Our results were
comparable to those published by Ruda et al. (2019), even though not OMAT, but MAT had
bigger daily change in mass during the fresh cow period. A possible explanation for
difference in fat mobilization between SCAT and AAT could be the variation in adipocyte
size. There are suggestions that fat cell size may reflect the fat content of some adipose depots
(Locher et al., 2015, De Koster et al., 2016). In earlier studies it was already established that
the internal depot RPAT has bigger fat cells compared to SCAT and has a greater decrease in
cell size after calving (Akter et al., 2011, Kenez et al., 2015a). Furthermore, De Koster et al.
(2016) found that in SCAT and OMAT the bigger fat cells have a more pronounced lipolytic
activity. Differences found in the mRNA and protein expressions of lipolytic pathways
between SCAT and RPAT have partly supported this hypothesis, as well (Weber et al., 2016a,
Weber et al., 2016b, Ruda et al., 2019). Another possible explanation could be that nutrients
mobilized from OMAT and MAT directly transported to the liver by the portal vein
(Reynolds et al., 2003), thus increasing their availability in the liver during the transition

period.

Cows with lower condition had on average 5 - 7 kg smaller SCAT and 10 - 12 kg lower AAT
mass than cows with higher body condition in the dry period and fresh cow period. However,

by the time the cows reached early lactation these differences disappeared. We found that the

87



5. Discussion and Perspectives

mass of subunits of AAT followed a comparable pattern. They differed between the low and
high condition cows during the transition period, but in early lactation no dissimilarities could
be found. Drackley et al. (2014) had comparable results regarding the differences in mass of
internal adipose depots between the lower and higher conditioned cows, but the subcutaneous

fat depot was not examined in the study.

We found no differences between the low and high condition cows in daily gain of depot
mass during the dry period. The daily loss in the fresh cow period was greater in fatter cows
compared to leaner cows, but the difference was only numerical. However, in the early
lactation period the leaner cows mobilized less fat from AAT than fatter cows. Weber et al.
(2013) established that high condition cows mobilize more adipose tissue, mainly abdominal
fat, during early lactation. However, in that study the differences in NEFA levels, liver fat
concentrations and lack thereof in the mass of SCAT were the base of conclusions. Still,
Bunemann et al. (2019) described similar findings. A possible cause for greater adipose
mobilization of fatter cows could be the nutrient requirement of milk fat production, as in
earlier studies cows with higher body condition were shown to have greater milk fat content
(Janus et al., 2013, Pires et al., 2013). In addition, the negative correlations between daily gain
during dry period and daily loss during fresh cow period, as well as between depot masses on
d7 and daily change in fresh cow and early lactation period, further substantiates that
individual condition of cows should be taken into account when assessing the mobilization of

fat during the periparturient period.

On the other hand, we found no correlation between daily change in SCAT and AAT mass,
and the energy balance in fresh cow period, which was unexpected. After calving, a more
negative EB usually leads to increase in lipomobilization in dairy cows (Roche et al., 2009,
Contreras et al., 2018). However, this was only true for the correlation between EB and
mobilization of fat during the early lactation in our study. This could indicate a functional
disparity of SCAT and AAT depots during fresh cow period and NEB is possibly not the only
driver of adipose mobilization. The possible factors could be the body condition of the cow
(Roche et al., 2009, Vanholder et al., 2015, Ruda et al., 2019) and mechanisms of
homeorhetic adaption to lactation. Decoupling of the somatotropic axis (Piechotta et al.,
2013), differences in responsiveness to insulin or B-adrenergic stimulation of lipolysis
(Sumner-Thomson et al., 2011, Kenez et al., 2015b, Kinoshita et al., 2016), as well as
presence or responsiveness to inflammatory stimuli (McGrattan et al., 2000, De Koster et al.,

2016, Contreras et al., 2017) may have a role.
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Monensin, an ionophore, is approved for prevention of ketosis in dairy cows. It modulates the
ruminal bacterial population to elevate the production of propionate, a precursor of
gluconeogenesis (Duffield et al., 2008a). In our second study, we used the ultrasonographic
method to evaluate whether monensin affected the mass of the adipose tissues and
lipomobilization. It was established that MON treatment had no effect on the fat masses, or
the mobilization of fat, indicating that MON had no effect on lipolysis. Consequently, MON
probably promoted a more effective postpartum hepatic or extrahepatic utilization of NEFA
(Drackley et al., 2001). NEFA can be used during early lactation by muscle tissues to cover
the energy requirement and spare glucose for lactogenesis, thus contributing to lower blood
NEFA levels (Bell, 1995, Adewuyi et al., 2005). Furthermore, liver oxidizes NEFA to ketone
bodies, which in turn provide energy supply for the peripheral tissues, thus sparing glucose
for mammary gland, too (Drackley et al., 2001, Reynolds et al., 2003). However, MON did
not affect the NEFA levels in our study, thus it is unlikely that it had an effect on utilization.
Another possible explanation could be that MON, by providing more substrates for
gluconeogenesis, increases glucose production. Higher glucose concentration leads to greater
secretion of insulin, which in turn has an antilipolytic effect, thus decreasing the NEFA
supply and uptake of the liver, and ketogenesis (Duffield et al., 1998a, b, Drackley, 1999,
Drackley et al., 2001). Regarding the fat depots, the results were similar to those described
earlier, but with a smaller number of animals involved. The SCAT mass was smaller
compared to AAT mass, as well as more fat was mobilized from visceral adipose reserves
than from subcutaneous. The fat depot masses and mobilization were lower in lean compared

to fatter cows.

Fatter and over-conditioned cows mobilize more reserves from adipose depots during the
transition period, as consequence of lower dry matter intake and more negative energy
balance (Garnsworthy, 2006, Roche et al., 2007a). Increase in fat mobilization means higher
levels of NEFA in the blood. Part of the circulating NEFA can be used by the mammary gland
for production of milk fat (Drackley, 1999), thus increasing the fat content of the milk, as was
the case in this study. However, as already mentioned earlier, liver takes the NEFA up and
oxidizes part of it to ketone bodies, such as beta-hydroxybutyrate (BHB) and acetoacetic acid
(Duffield, 2000). Low levels of ketone bodies present no problem for the organism, as the
peripheral tissues utilize them. Yet, high levels of ketones can cause ketosis or
hyperketonaemia, a metabolic disorder. Cows usually suffer from subclinical form, defined as

high levels of circulating ketone bodies (BHB > 1.2 mmol/I) without clinical signs (Duffield,
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2000, McArt et al., 2012). The prevalence of SCK was reported to be between 20 and 60
percent (McArt et al., 2012, Suthar et al., 2013, Garro et al., 2014). Furthermore, cows with
SCK are more at risk to develop other post-calving diseases, such as fatty liver, displaced
abomasum and metritis (Roche et al., 2009, Ospina et al., 2010a, Rutherford et al., 2016). It is
important to note that SCK and associated disorders cause an estimated average loss of
€257/cow in Europe (Raboisson et al., 2015). In our study the incidence of SCK was within
the aforementioned limits, but cows treated with MON showed lower incidence of SCK and
accordingly lower BHB levels measured in the blood samples of these cows, suggesting that
MON might have an antiketogenic effect or promote a better utilization of BHBA in

peripheral tissues. This result further substantiate the findings of Drong et al. (2015).

Further aim of this study was to examine the daily activity of dairy cows with higher
condition compared to cows with lower condition during the transition period, as an
additional possible cause for higher NEFA levels in fatter cows. Adewuyi et al. (2006)
reported a negative correlation between plasma concentration of NEFA and walking activity
of dairy cows, which may indicate that fatter cows are less active, thus using less NEFA
during the transition period. We found no evidence to support this, as there were no
differences in daily activity between the leaner and fatter cows after calving, though Westin et
al. (2016a) reported that the daily lying time of cows increased with higher condition. Cows
with higher condition showed a trend to spend more time lying during the dry period in our
study, which could explain the greater deposition of fat in the adipose depots. Furthermore,
the lower number of steps taken by the fat cows in this same period supports the finding that
they were less active. Other possibility is that fatter cows have more problems to move, or to
stand up and lie down in the cubicles. However, no observations were performed to verify this

supposition.

Our results together with the findings of Ruda et al. (2019), demonstrate that the
ultrasonographic method developed by Raschka et al. (2016) is suitable for in vivo
examination of adipose tissue depots, thus making it possible to follow the changes of the fat
depots without the need of slaughtering the cows. Furthermore, it was demonstrated that more
AAT is mobilized with beginning of lactation to counteract the NEB, especially in cows with
higher condition, making it a more important fat reserve in dairy cows than SCAT.
Additionally, the lack of correlation between negative energy balance and mobilization of
abdominal adipose depots during the fresh cow period points to complexity of

lipomobilization and requires further research.
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The lack of monensin effect on fat depots mass and mobilization, as well as NEFA levels
showed that it had no direct impact on lipolysis. Studies with higher number of animals could
better elucidate connection between fat depots and monensin, as the absence of effect could

be due to relatively low number of animals in our study.

Our results indicate that there are differences in activity between the leaner and fatter cows,
but only in the dry period, which could be a consequence of discomfort caused by higher body
mass of fatter cows. However, as the cows in both groups did not differ in daily activity after
calving, even though fatter cows had higher NEFA levels, suggest that activity had little effect

on NEFA levels in clinically healthy dairy cows.
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